UNCLASSIFIED 


r 


liiift'uxutced 

the 


ARMED  SERVICES  TECHNICAL  INFORMATON  AGENCY 
ARLINGTON  HALL  STATION 
ARLINGTON  12,  VIRGINU 


UNCLASSIFIED 


TfflS  DOCUMENT  IS  BEST 
QUALITY  AVAILABLE.  THE  COPY 
FURNISHED  TO  DTIC  CONTAINED 
A  SIGNmCANT  NUMBER  OF 
PAGES  WHICH  DO  NOT 
REPRODUCE  LEGIBLY. 


NOTICE:  When  government  or  other  drawings,  speci¬ 
fications  or  other  data  are  used  for  any  puarjxjse 
other  than  in  connection  with  a  definitely  r>elated 
government  procurement  operation,  the  U.  S. 

Grovemment  thereby  incurs  no  responsibility,  nor  any 
obligation  ■(daat soever j  and  the  fact  that  the  Govern¬ 
ment  may  have  fonnulated,  furnished,  or  in  way 

supplied  the  said  drawings,  specifications,  or  other 
data  is  not  to  be  regarded  by  implication  or  other¬ 
wise  as  in  any  manner  licensing  the  holder  any 
other  person  or  corporation,  or  conveying  an^  rl^ts 
or  permission  to  manufacture,  use  or  sell  an^ 
patented  invention  that  may  in  any  way  be  re::iated 
thereto. 


O  DEPARTMENT  OF  THE  ARMY 


10 


CORPS  OF  ENGINEERS 

II 


FORT BELVOIR,  VIRGINIA 


ASTI A  AVAILABILITY  NOTICE 

U.  S.  Government  agencies  uK’y  obtain  copies 
of  this  report  directly  froia  ASTIA.  c-ther 
qualified  ASTIA  users  should  request  t.dru 
Director ,  USAERDL,  Fort  Bel vol r_,  rt'jinia. 


U.  S.  ARMY  ENGINEER  RESEARCH  AND  DEVELOPMENT  LABORATORIES 

FORT  BELVOIR,  VIRGINIA 


Technical  Report  1727-TR 


INVESTIGATION  OF  GALOTTAN  SHEET  STIFFENING  PROCESS 


Task  8S93-3I-OOI-O8 
(formerly  Project  8-93-31-^00) 

24  October  I962 


Distributed  by 
The  Commanding  Officer 

U.  S.  Army  Engineer  Research  and  Development  Laboratories 


Prepared  by 

George  D.  Farmer,  Jr.  and  William  B.  Spangler 
Materials  Branch 
Technical  Service  Department 

U.  S.  Army  Engineer  Research  and  Development  Laboratories 

Fort  Belvoir,  Virginia 


THE  VIEWS  CONTAINED  HEREIN  REPRESENT  ONLY  THE 


VIEWS  OF  THE  PREPARING  AGENCY  AND  HAVE  NOT 
BEEN  APPROVED  BY  THE  DEPARTMENT  OF  THE  ARMY. 


ili 


PREFACE 


Authority  for  the  investigation  covered  in  this  report  is  con¬ 
tained  under  Task  8S93-31-001-08,  "Application  of  Lightweight  Metals 
in  Engineer  Equipment."  A  copy  of  the  task  card  is  included  as  Ap¬ 
pendix  A  to  this  report.  The  investigation  of  patterns  for  stiffen¬ 
ing  sheet  materials  is  part  of  the  effort  to  increase  the  mobility 
and  decrease  the  weight  of  Engineer  equipment  by  devising  means  for 
utilizing  metals  more  efficiently  in  the  equipment. 

The  work  was  conducted  by  George  D.  Farmer,  Jr.  assisted  by 
Robert  G.  Mifflin,  under  the  direction  of  William  B.  Spangler,  Chief 
of  Metallurgy  and  Materials  Conservation  Section,  and  Arthiir  W.  Van 
Heuckeroth,  Chief  of  Materials  Branch.  The  vibration  frequency 
tests  were  made  by  F.  J.  Lindner,  Jr.  and  F.  Stowell  of  the  Packag¬ 
ing  Development  Branch. 
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GLOSSARY  OF  TERMS 


Definitions  of  some  of  the  terms  as  used  in  this  report  are 
given  here  for  clarity.  Definitions  are  arranged  in  alphabetic 
order . 

GALOTTAW.  The  trade  name  used  by  its  developers  for  a  process 
for  increasing  the  stiffness  of  sheet  materials  without  increasing 
their  weight  by  forming  the  sheet  into  a  stiffening  pattern  of 
calottes . 

Calotte .  Websters  New  International  Dictionary  defines  calotte 
as  "a  close  cap  without  visor  or  brim;  a  plain  skullcap."  The  term 
as  used  by  the  developers  of  the  CALOTTAN  process  and  in  this  report 
indicates  an  area  of  sheet  material  formed  into  either  a  hollow 
hemisphere  or  a  hollow  segment  of  a  sphere  atop  the  frustrum  of  a 
hollow  cone. 

Calotte  helgdit.  The  height  (or  depth  of  a  concave  calotte)  of 
the  top  of  the  calotte  measured  from  and  normal  to  the  flat  surface 
of  the  original  sheet. 

Galottlzed .  Indicates  a  sheet  that  has  been  stiffened  by  form¬ 
ing  into  the  CALOTTAN  stiffening  pattern  of  calottes. 

Calottizing.  The  operation  of  stiffening  a  sheet  by  forming  it 
into  the  CALOTTAN  stiffening  pattern  of  calottes. 

Key  Unit.  An  arrangement  of  six  calottes  which  is  the  base 
controlling  the  location  of  all  the  calottes  in  the  CALOTTAN  stif¬ 
fening  pattern. 

Module .  The  length  of  a  side  of  the  square  pattern  of  calottes 
which  is  repeated  as  required  to  calottize  a  sheet  material. 

Optimum  calotte  height.  The  calotte  height  producing  the 
greatest  rigidity  in  a  sheet  of  a  specific  material  and  thickness. 

Optimum  calottizing.  The  operation  of  stiffening  a  sheet  by 
forming  it  into  a  CALOTTAN  stiffening  pattern  of  optimum  height 
calottes . 

Percentage  calottlzed.  The  calotte  height  of  a  particular 
sheet  expressed  as  a  percentage  of  the  height  of  a  full  hemispheri¬ 
cal  calotte. 
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Rigidity.  The  bending  strength  of  a  sheet  when  tested  as  a 
simple  beam.  The  word  is  used  in  this  sense  because  of  its  accept¬ 
ance  commercially  in  referring  to  "rigidized"  sheet. 

Stiffness .  Same  as  rigidity. 
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SUMMARY 


This  investigation  revealed  that  metallic  sheet  materials  when 
cold  formed  in  the  GALOTTAN  stiffening  pattern  show  increased  rigid¬ 
ity  and  impact  resistance  worth  considering  in  equipment  design. 
However,  this  pattern  like  all  stiffening  patterns  known  to  the 
authors  displays  preferred  axes  of  rigidity.  The  investigation  also 
showed  that  rigidized  metallic  sheet  available  in  the  United  States 
from  X  Company  is  approximately  as  efficient  as  calottized  sheet. 

The  report  concludes  that: 

a.  The  rigidity  and  impact  resistance  of  sheet  materials  are 
increased  considerably  by  calottizing. 

b .  The  claim  made  by  GALOTTAN  representatives  that  the  rigid¬ 
ity  of  sheet  materials  is  increased  ten  times  by  calottizing  is  con¬ 
sidered  valid  for  only  the  thinnest  sheet  of  the  range  that  can  be 
formed  in  the  GALOTTAN  die. 

c.  The  representatives  of  GALOTTAN  are  not  familiar  with  the 
properties  of  rigidized  sheet  produced  by  X  Company.  Their  claim 
that  calottized  sheet  has  "rigidity  many  times  greater  than  that  of 
any  known  material  of  this  type"  is  not  considered  valid  because 
sheet  rigidized  by  the  X  Company  pattern  shows  stiffness  approximat¬ 
ing  that  of  similar  calottized  sheet. 

d.  Calottized  metallic  sheet  displays  preferred  axes  of 
rigidity,  so  the  claim  made  by  GALOTTAN  representatives  that  calot¬ 
tized  sheet  has  "no  preferred  axes  of  inertia"  is  not  considered 
valid . 


e.  Rigidized  metallic  sheet  materials  can  be  used  to  reduce 
the  weight  of  some  components  of  Military  equipment. 

f.  Calottized  metallic  sheet  should  be  considered  by  design¬ 
ers  of  Military  equipment  on  a  value  analysis  basis  when  calottized 
sheet  becomes  available  in  the  Uhited  States . 

g.  Rigidized  sheet  produced  in  the  United  States  by  X  Company 
is  appi oximately  as  efficient  as  calottized  sheet,  is  presently 
available  in  the  United  States,  and  should  be  considered  by  design¬ 
ers  of  Military  equipment  on  a  value  analysis  basis. 
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INVESTIGATION  OF  CALOTTAN  SHEET  STIFFENING  PROCESS 


I.  INTRODUCTION 


1.  Subject.  This  report  covers  an  investigation  of  CALOTTAN, 
a  process  for  increasing  the  rigidity  of  sheet  materials  without  in¬ 
creasing  their  weight  by  forming  the  sheet  into  a  stiffening  pattern 
of  calottes.  Figure  1  shows  metal  sheet  rigidized  by  the  CALOTTAN 
process . 


J3261 

Fig.  1.  Calottized  sheet:  (a)  75  percent  calottized; 

(b)  optimum  calottized. 


The  requirements  for  lighter  Military  equipment  and  struc- 
txires  make  it  imperative  that  we  know  emd  exploit  all  the  properties 
of  materials  so  ovir  designs  caxi  utilize  materials  at  maximum  effi¬ 
ciency.  The  possibility  of  imfiroving  their  properties  by  forming 
pattems  in  metal  sheet  appeared  promising  and  not  coii:5)letely  devel¬ 
oped.  One  process  which  showed  promise  but  with  limitations  was 
what  is  commonly  known  in  this  country  as  "rigidizing,"  that  is, 
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stiffening.  Several  stiffening  patterns  exist.  However,  the  repre¬ 
sentatives  of  a  stiffening  process  called  "CALOTTAN"  (U.  S.  Patent 
No.  2,738,297  (Appendix  B),  dated  13  March  1956),  make  some  strong 
and  interesting  claims,  such  as,  rigidity  of  sheet  increased  by 
1,000  percent  over  flat  sheet  and  "no  preferred  axes  of  inertia." 

It  appeared  there  should  be  important  Military  applications  for 
sheet  of  such  increased  rigidity,  particularly  if  they  had  no  axes 
of  weakness .  Because  engineering  data  had  not  been  developed  and 
none  of  the  sheet  rlgidized  by  calottizing  was  available  commercial¬ 
ly,  a  release  agreement  was  obtained  (Appendix  C),  and  the  experi¬ 
mental  production  and  evaluation  reported  herein  were  undertaken  to 
determine  if  the  claims  for  the  CALOTTAN  process  (par.  3)  are  valid 
and  to  provide  some  engineering  data. 

2.  Backgroiind  and  Previous  Investigation.  The  background  is 
limited  to  information  obtained  from  the  various  patents  covering 
sheet  stiffening  patterns  which  were  studied  and  information  as  to 
the  stiffening  effect  of  these  patterns  contained  in  published  data 
and  articles  and  fiimished  by  manufacturers  utilizing  the  patterns 
for  their  product. 

Previous  investigation  by  these  Laboratories  was  a  limited 
study  of  the  effect  of  the  CALOTTAN  stiffening  pattern  on  plastic 
sheet.  This  work  done  by  the  Plastics  Section,  Materials  Branch, 
under  Project  8-93-31-^00,  is  reported  in  Materials  Branch  Report 
No.  6126-3,  dated  I5  October  1958  and  titled,  "Effect  of  an  Ehibossed 
Pattern  on  the  Rigidity  of  Plastics,"  This  report  found  that  "assum 
ing  a  rigidity  of  1  (one)  for  the  unembossed  sheet,  a  single  formed 
sheet  had  a  rigidity  of  6.3j  two  molded  sheets  face  to  face,  a 
rigidity  of  14.0;  two  molded  sheets  face  to  face  bonded,  a  rigidity 
of  25.O;  and  two  molded  sheets  face  to  face  with  pattern  matched 
and  bonded,  44.0.  No  zones  or  axes  of  weaknesses  were  found." 


II.  INVESTIGATION 

3.  Patent  and  Literature  ^Search.  A  patent  search  was  con¬ 
ducted,  and  the  following  numbered  Itoited  States  patents  related  to 
sheet  stiffening  processes  were  reviewed:  331,469;  662,567; 

1,158,667;  1,685,320;  1,984,653;  2,020,639;  2,129,488; 

2,310,154;  2,423,870;  and  2,481,046.  United  States  Patent  No. 

2,738,297,  dated  I3  March  1956,  covering  the  CALOTTAN  process  was 
included  in  the  review.  Switzerland  Patent  No.  73,542  and  German 
Patent  No.  P7282  v/37b  cover  the  CALOTTAN  process  in  those  countries 

A  literature  search  and  study  confirmed  information  that 
the  University  of  North  Carolina  was  making  studies  of  rigidized 
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metallic  sheet.  However,  the  work  at  that  Institution  was  concerned 
with  the  use  of  reinforcing  ribbing  and  special  shaped  panels.  An 
article  by  Adam  Zaborski,  "Effects  of  Material  Distribution  on 
Strength  of  Panels,"  Joiumal  of  the  Aeronautical  Sciences,  July  19^^; 
and  an  article  by  K.  Lowenfeld,  "15  Plate-stiffenings,"  the  digest 
of  a  two-part  German  article,  "Product  Engineering,"  Vol.  29^  No.  29, 
21  July  1958>  were  of  special  interest. 

The  study  revealed  that  two  companies  operating  in  the 
United  States  engage  primarily  in  producing  metal  sheet  stiffened  by 
patterns  of  depressions  and  elevations  formed  in  the  metal;  also, 
foxir  companies  operating  in  the  Ifeilted  States  produce  sheet  having 
decorative  surface  patterns.^  The  authors  are  familiar  also  with 
sandwich  constructions  and  core  materials  and  the  standard  military 
procedures  used  to  evaluate  them,  as  outlined  in  MIL-STD-hOlA. 

The  most  attractive  claims  revealed  by  the  study  for  true 
rigidlzed  sheet  approaching  equal  stiffness  in  all  directions  paral¬ 
lel  to  the  plane  of  the  sheet,  were  made  for  the  CALOTTAN  process, 

U.  S.  Patent  No.  2,738^297.  The  developers  claimed  that  the  rigid¬ 
ity  of  calottlzed  steel  sheet  is  10  times  that  of  plain  steel  sheet 
and  that  a  two-ply  combination  of  calottlzed  sheet  will  support 
twenty-five  times  the  load  supported  by  a  single  calottlzed  sheet. 
Also,  they  claimed  that  calottlzed  sheet  is  fully  curved  in  every 
principal  direction  of  stress,  has  "no  preferred  ajces  of  inertia," 
and  has  "rigidity  many  times  greater  than  that  of  any  known  material 
of  this  type." 

The  claims  made  by  other  producers  for  the  effects  of 
their  stiffening  patterns  justified  including  data  for  only  one 
other  pattern  in  this  report  for  comparison  with  calottlzed  sheet. 
This  pattern  is  referred  to  throughout  this  report  as  the  "X"  Com¬ 
pany  pattern.  The  data  for  sheet  rigidized  by  this  pattern  were 
tsdien  from  a  bulletin  published  by  X  Compemy. 

4.  Study  of  CALOTTAN  Stiffening  Pattern  Design.  The  CALOTTAN 
patent  appears  to  cover  sheet  rigidized  by  molding  or  forming  into 
depressions  and  elevations  of  various  shapes.  This  investigation 
was  limited  to  the  formed  pattern  which  we  understand  is  preferred 
by  the  developers  of  the  process  (Figs.  1  and  2). 

a.  Description.  The  surface  of  a  flat  sheet  material  is 
deformed  into  closely  adjacent  depressions  and  elevations  called 
calottes  (Figs.  1  and  2).  The  height  of  the  calottes  can  be  varied 


1.  See  the  insert  sheet  for  the  names  of  the  companies  producing 
rigidized  sheet  and  sheet  with  decorative  surface  patterns. 


Fig.  2.  Edge  of  sections  throu^  calottes,  (a)  Maximum 
calottes,  (b)  Optimum  calottes. 


by  regulating  the  travel  of  the  mating  forming  dies  which  controls 
the  distance  the  male  plungers  force  the  sheet  into  registering 
female  receptacles.  This  allows  the  press  operator  to  vary  the 
calottes  from  small  segments  of  hollow  spheres  to  complete  hollow 
hemispheres.  However,  the  travel  of  the  plungers  at  full  closirre  of 
the  particular  forming  dies  loaned  by  the  developers  for  use  in  this 
investigation  was  not  enough  to  form  complete  hollow  hemispheres. 

The  developers  claim  that  this  preferred  pattern  provides  formed 
sheet  fully  curved  in  every  principal  direction  of  stress. 

b.  Approach .  To  evaluate  euid  use  the  laboratory  test 
data  efficiently  an  i;uiderstanding  of  the  CALOTTAN  pattern  design  is 
Imperative.  It  was  found  that  the  pattern  can  be  resolved  into  five 
basic  parts: 

(1)  The  calotte  (Fig.  2). 

(2)  The  CALOTTAN  key  unit  (Fig.  3^  at  the  center). 


Fig.  3.  CALOTTAN  key  unit. 

Note:  Shaded  calottes  are  concave;  xmshaded  are  convex. 
(This  description  applies  to  Figs.  4  through  6.) 
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(3)  The  GALOTTAN  skeleton  half  module  pattern  (Fig.  i<-). 

(U)  The  GALOTTAN  skeleton  module  pattern  (Fig.  5). 

(5)  The  GALOTTAN  module  pattern  (Fig.  6). 

The  calotte  height  (or  depth)  h  in  Fig.  2  is  also  of  prime  import¬ 
ance  in  a  study  of  the  pattern.  A  section  of  the  forming  die  (Fig.  7) 
illustrates  how  the  calottes  are  formed. 

c.  Key  Unit.  The  layout  for  the  base  or  key  unit  of  the 
GALOTTAN  design  is  shown  at  the  center  of  Fig.  3*  It  is  formed  upon 
a  circle  divided  into  12  equal  sectors  as  the  face  of  a  clock.  Loca¬ 
tion  of  the  six  calottes  is  represented  by  the  small  circles .  As 
calottes  are  formed  either  concave  or  convex  the  four  variations  of 
the  key  required  to  complete  the  GALOTTAN  pattern  are  shown  in  the 
figure  and  are  identified  as  A,  B,  G,  and  D.  Key  A  has  a  concave 
calotte  at  the  center  and  at  the  7  o'clock  position  on  its  circumf¬ 
erence  and  convex  calottes  at  the  10,  12,  2,  and  5  o'clock  positions. 
Key  variation  B  has  a  convex  calotte  at  the  center  and  7  o'clock  po¬ 
sition  and  concave  calottes  at  the  10,  12,  2,  and  5  o'clock  positions. 

C 
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Fig.  4.  GALOTTAN  half  module  pattern. 
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Fig.  CALOTTAN  skeleton  module  pattern. 
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Fig.  6.  CALOTTAN  modiile  pattern. 


Variation  C  has  a  convex  calotte  at  the  center  and  at  the  10,  2,  and 
5  o'clock  positions  and  concave  calottes  at  the  7  aJfid  12  o'clock  po¬ 
sitions.  Variation  D  has  a  concave  calotte  at  the  center  eind  at  the 
10,  2,  and  5  o’clock  positions  and  convex  calottes  at  the  7  and  12 
o'clock  positions.  Note  that  the  positions  of  the  convex  and  con¬ 
cave  calottes  in  the  A  and  C  variations  of  the  key  are  reversed  in 
the  B  and  D  variations,  respectively.  The  diameter  of  the  key  unit 
layout  circle  is  based  on  the  maximum  inside  diameter  of  the  calottes 
(maximum  diameter  of  the  forming  plunger  of  the  die) .  The  maximum 
diameter  of  the  calotte -forming  plunger  of  the  die  used  in  this  in¬ 
vestigation  was  20  mm  or  0.787^^^  inch  (Table  I  and  Fig.  7).  To 


Fig.  7-  Sections  of  forming  die  showing  how  calottes  are 
formed,  (a)  Forming  maximum  calotte  height,  (b)  Forming 
optimum  calotte  height  (die  partly  closed) . 
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simplify  analysis  and  discussion  of  the  stiffening  design,  the  max¬ 
imum  diameter  Dp  of  the  calotte -forming  plunger  is  tsLken  as  unity. 
The  proportional  measurements  of  the  basic  parts  of  the  stiffening 
design  then  become; 


Dl 

Maximum  diameter  of  plmger 

1 

D2 

Diameter  of  key  unit  circle 

2.4 

Si 

Side  of  half  module  square 

3.2784 

S2 

Side  of  module  square 

6.557 

d. 

Skeleton  Half  Module  Pattern. 

The  CALOTTAN 

half  module  pattern  is  shown  in  Fig.  4.  It  consists  of  four  key 
units,  two  C  and  two  D,  with  their  centers  at  the  corners  of  a 
square  3.278U  on  a  side.  Diagonally  adjacent  vinits  are  alike, 
but  in  immediate  adjacent  units  positions  of  the  concave  and  convex 
calottes  are  reversed. 

e.  Skeleton  Module  Pattern.  The  CALOTTAN  skeleton 
module  pattem  is  shown  in  Fig.  5*  It  consists  of  nine  key  units, 
five  A  and  four  B.  The  centers  of  four  A  units  are  at  the  corners 
of  a  square  6.557  Dp  on  a  side,  and  the  fifth  A  unit  is  at  the  cen¬ 
ter  of  the  sqxiare.  The  center  of  a  B  unit  is  at  the  half  point  of 
each  side  of  the  square.  As  in  the  half  module  pattern,  diagonally 
adjacent  units  are  alike,  but  in  immediate  adjacent  units  positions 
of  the  concave  and  convex  calottes  are  reversed. 

f.  CALOTTAN  Module  Pattem.  The  complete  CALOTTAN 
module  pattem  is  shown  in  Fig.  6.  It  is  formed  by  superimposing 
the  skeleton  half  module  pattem  (Fig.  4)  on  the  center  of  the 
skeleton  full  module  pattem  (Fig.  5)  with  the  sides  of  the  two 
sqxiares  parallel.  A  sheet  is  calottized  by  forming  it  in  a  pattem 
which  repeats,  as  required  by  the  area  of  the  sheet,  that  part  of 
the  CALOTTAN  module  pattem  within  the  6.557  Dl  sqmre.  For  dies  of 
the  type  used  in  this  investigation  the  module  length  is  £d.ways  pro¬ 
portional  to  the  maximvun  inside  diameter  of  the  calotte  (D]^),  so 
modules  of  the  length  needed  to  meet  a  specific  design  requirement 
may  be  produced  by  adjusting  the  calotte  dleuneter  and  designing  the 
forming  dies  to  the  proi)ortions  given  in  paragraph  4c  and  Table  I  of 
this  report.  Obviously,  if  economically  desirable,  more  than  one 
modxxle  xmlt  ceui  be  incorporated  in  a  single  set  of  forming  dies. 
Information  supplied  by  the  developers  indicates  punches  with  small¬ 
er  heads  were  sometimes  used  in  the  dies  shown  in  Table  I  to  adapt 
them  for  forming  thicker  sheet. 


I  •  CALOTTAN  Die  Dimensions 
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g.  Increase  In  Siirface  Area.  Althoiigh  the  size  of  sheet 
remains  the  same,  its  surface  area  and  its  thickness  (in  the  sense 
of  space  required)  is  increased  by  calottizing.  The  surface  area  of 
a  sheet  that  is  100  percent  calottized  (having  calottes  that  are 
complete  hollow  hemispheres)  is  increased  about  58  percent,  but  a  50 
percent  calottized  sheet  has  its  surface  area  increased  only  10  per¬ 
cent  (Fig.  8).  The  thickness  of  an  0.0l8-inch  sheet  is  increased  to 
about  3/4  inch  by  100  percent  calottizing  in  the  sense  that  the  de¬ 
formed  sheet  will  separate  two  planes  by  that  amount.  This  increase 
can  be  alleviated  for  shipping  by  nesting  bulk  calottized  sheet  in 
bundles  but  it  must  be  considered  in  designs  utilizing  the  rigidized 
sheet . 


Percentage  Increase  In  Area 


Fig.  8. 


Increased  surface  area  of  calottized  sheet . 
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5-  Nesting,  Interlocking,  and  Lamlpatlng  Calottlzed  Sheet. 

It  was  shown  In  pars.  4d,  e,  and  f  that  half  and  fiill  skeleton 
module  patterns  are  superimposed  one  upon  the  other  to  form  the 
complete  CALOTTAN  stiffening  pattern  and  that  this  square  pattern 
6.557  Di  on  a  side  Is  repeated  as  required  to  calottlze  a  sheet. 

As  each  calottlzed  sheet  with  the  same  calotte  diameter  is  made 
up  of  a  series  of  these  sqtiares  In  which  the  calotte  forms  and  lo¬ 
cations  are  Identical,  two  or  more  such  sheets  will  nest  If  stacked 
so  the  pattern  squares  register.  This  nesting  feature  can  also  be 
utilized  for  Interlocking  and  joining  calottlzed  sheet,  by  nesting 
the  overlapped  edges  of  adjacent  sheet  so  they  Interlock  as  Illus¬ 
trated  by  Fig.  9*  A  further  advantage  of  the  repeating  pattern  Is 
that  calottlzed  sheet  can  be  placed  In  layers  so  the  top  of  each 
convex  calotte  of  the  lower  sheet  contacts  the  bottom  of  each  con¬ 
cave  calotte  of  the  superimposed  sheet  to  produce  a  laminated -type 
structure  as  shown  in  Fig.  10.  This  can  also  be  done  with  calot- 
tized  sheet  having  different  calotte  diameters  (Di)  if  the  calotte 
diameter  in  one  sheet  is  a  multiple  of  that  of  the  others  (Fig.  ll) . 
It  is  stressed  by  the  developers  nf  t.hf*  rAT/yrrAN  process  that  th® 
spaces  between  laminated  calottlzed  sheet  can  be  filled  with  varioiis 
materials  or  combinations  of  materials  to  provide  heat  resistance, 
hardness,  or  to  further  increase  the  stiffness  of  the  composite 
structure  as  desired  for  special  applications.  It  is  obvious  from 
Figs.  10  and  11  that  filler  materials  can  be  used  but  none  were 
tried  in  this  investigation. 


III.  TESTS 

6.  Preparation  of  Test  Specimens.  Materials  used  and  the 
fabrication  of  test  specimens  are  considered  in  the  following 
subparagraphs . 

a.  Materials .  Commercial  quality  steel  and  aluminum 
sheet  was  used  for  all  forming,  deflection,  and  impact  test  speci¬ 
mens.  Details  concerning  the  materials  used  and  considered  as  a 
result  of  tests  by  others  are  included  in  Table  II.  Exploratory 
single  sheet  of  galvanized  steel  and  of  copper,  magnesium,  and 
titanium  were  tested  for  formability  by  calottizing  but  were  not 
included  in  the  other  tests. 

b.  Fabrication  of  Test  Specimens.  A  300^000-lb  capacity 
Baldwin -Tate -Emery  testing  machine  was  used  as  a  press  to  produce 
the  calottized  sheet  for  test  specimens.  The  first  sheet  calottlzed 
was  formed  in  dies  cast  in  our  shops.  The  dies  were  made  by  using  a 
sample  calottlzed  sheet  supplied  by  the  representatives  of  the 
CALOTTAN  process  as  a  form  for  the  mold.  The  cast  dies  proved 


Fig.  9*  Joining  calottized  sheet  by  interlocking  edge  calottes. 
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Fig.  10.  Laminated  structure  of  calottized  sheet. 


Fig.  11.  Laminated  structure  of  caJLottized  sheet  with  differ¬ 
ent  calotte  diameters. 


Table  II.  Materials  Considered  in  CALOTTAN  Investigation 


Material 

Type 

Thickness 

(in.) 

Fig. 

Remarks 

Mild  Steel 

'1.0^  Carbon 

O.Olfa 

B7 

13 

M 

o.o;, 

O.OlB 

87 

21 

Two-layer  specimens . 

II 

O.OS 

0.03t' 

a? 

13 

If 

O.OS 

0.030 

87 

13 

Two-layer  specimens. 

Aluminum 

1100-0 

O.Olli 

17.3 

17 

llOC-Hlo 

0  .ulb 

39.0 

16 

M 

1100 -H12 

0.033 

21 

Tv.'  j  -laye  i’  spec  imens  . 

1100 -H12 

0.033 

26. 

16 

5052 

0.037 

lu 

CRC  Steel 

1010 

O.Cl^' 

Sheet  rigidlsed  by  "X"  Company 

’’ 

1010 

O.OoO 

< 

t»  II  II  II  II 

Aluminum 

3003-0 

0.033 

It  II  n  11  11 

Plautic 

Vinylite 

J.017 

- 

tiaterials  Branch  Report  !lo . 

*  Ten-rrim  ;:teel  ball,  '^OO-Kf;  load. 
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unsatisfactory  and  were  discarded.  A  release  agreement  (No.  1028) 
was  then  made  with  the  CALOTTAN  representatives  covering  the  loan  to 
these  Laboratories  of  their  original  steel  plvmger-type  forming  dies, 
and  these  were  used  to  calottize  the  sheet  for  test  specimens .  The 
dies  calottized  a  rectangular  area  9.3  by  I7.75  inches  in  size  with 
one  stroke  of  the  press.  They  formed  calottes  having  a  maximum  in¬ 
side  diameter  Di  of  20  mm  or  0.787^  inch  and  a  maximum  height  of  9 
mm  or  0.35^  inch.  Sheet  was  cut  to  a  size  permitting  calottizing 
the  whole  sheet -with  one  stroke .  Each  sheet  was  wiped  with  a  cloth 
to  remove  surface  contaminates  that  might  produce  blemishes,  but  no 
lubricants  were  used.  All  sheet  was  formed  at  press  room  tempera¬ 
ture  which  was  maintained  at  73°  F.  The  relative  humidity  of  the 
room  was  50  percent.  A  die  closure  rate  of  less  than  1  inch  per' 
minute  was  used.  The  height  of  calottes  produced  by  various  pres¬ 
sures  was  determined  for  each  material  and  thickness  of  sheet  and  is 
shown  in  Fig.  12  for  0.035“iiich  mild  steel.  Control  of  the  calotte 
height  by  applying  the  correct  predetermined  pressure  gave  more  re¬ 
producible  results  on  the  testing  machine  "press’*  than  attempts  to 
control  the  calotte  height  by  controlling  the  die  closure  clearance. 
This  will  not  necessarily  be  true  with  some  production  presses. 

Sheet  was  prepared  with  calottes  of  various  heights 
so  the  optimvun  height  for  maximum  rigidity  could  be  determined.  No 
100  percent  calottized  sheet  could  be  made;  80  percent  was  the  max¬ 
imum  possible  with  the  dies  furnished.  Also,  difficulty  was  exper¬ 
ienced  in  producing  sheet  calottized  much  above  the  optimum  without 
material  failure  by  cracking  at  the  base  of  the  hollow  spherical 
segment,  that  is,  the  top  of  a  calotte  and  sometimes  across  the  top 
of  the  calotte.  This  was  not  an  important  problem  in  our  investi¬ 
gation  because  the  optimuni  height  of  the  calotte  was  found  to  be 
within  our  forming  capabilities.  However,  when  one  considers  calot¬ 
tized  sheet  for  heat  exchangers,  and  for  filled  laminated  structures 
requiring  hemispherical  calottes,  it  is  important  to  realize  that 
the  neat  appearing  80  to  100  percent  calortized  sheet  which  are  nor¬ 
mally  shown  in  the  CALOTTAN  llteratui-e  and  are  represented  by  the 
figures  in  the  CALOTTAN  patent  cannot  be  produced  by  cold  forming 
from  most  of  the  materials  tried  in  this  investigation.  Hot  forming 
or  very  ductile  materials  are  required. 

To  prepare  the  specimens  for  deflection  tests,  a 
centerline  was  established  parallel  to  the  sides  of  the  pattern 
squares  on  calottized  sheet  of  appropriate  size.  Specimens  8.U6 
inches  (2I5  ram)  by  17*75  inches  were  cut  on  the  centerline  and  at 
angles  to  the  centerline  of  15^^^  30'^,  ^+5°,  60°,  75°  ^  and  90°  • 
Multilayer  specimens  were  made  by  bolting  two  sijecimens  together  of 
like  size  and  calotte  height  but  positioned  a  half  module  out  of 
register  so  the  calottes  contacted  as  shown  in  Fig.  10.  Four  bolts 
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were  used,  one  located  at  each  longitudinal  and  transverse  third 
point.  The  multilayer  or  two-ply  laminates  were  made  from  sheet 
calottized  with  approximately  the  optimum  height  calottes  for 
single  sheet. 

7*  Test  Equipment.  A  60, 000 -lb -maximum  capacity  Southwork 
Baldwin -Tate -Emery  testing  machine  with  an  A.  H.  Emery  Company  air 
cell  adapter  to  convert  the  0-  to  600-lb  range  to  0-  to  60-lb  range 
was  used  for  the  deflection  tests.  An  electrically  operated  micro- 
former  recorder  connected  to  a  PD-IM  def lactometer  was  used  to  plot 
deflection  versus  applied  load.  The  recorder  was  adjustable  for  a 
number  of  testing  ranges.  Loads  too  small  for  the  testing  machine 
were  applied  by  loading  the  specimens  with  metal  granules . 

The  in5)act  test  and  the  equipment  used  for  the  test  were 
improvised  for  this  investigation.  The  equipment  consisted  of  an 
8-lnch  I.  D.  steel  cylinder  placed  on  end  on  a  concrete  floor.  The 
cylinder  was  ;ised  to  support  the  sheet  under  test.  There  was  an 
arrangement  for  dropping  a  2 .25-lnch-diameter  steel  ball  weighing 
897  grams  a  measured  distance  to  strike  the  sheet  at  the  center  of 
the  area  supported  by  the  steel  cylinder. 

An  electromagnetic  vibration  exciter  was  used  for  the 
vibration  testing. 

8.  Deflection  Tests.  Deflection  measurements  were  made  on 
samples  from  calottized  sheets  prepared  as  described  in  par.  6b. 

The  8.46-inch  (215  mm) -wide  samples  were  supported  as  simple  beams 
with  a  span  of  16.02  inches  (407  mm)  and  were  loaded  on  the  trans¬ 
verse  centerline.  The  20-mm  by  U07-mm  dimensions  were  selected  to 
correspond  to  those  used  in  some  tests  reported  by  the  representa¬ 
tives  of  the  CALOTTAN  process. 

a.  Tests  of  Single  Calottized  Sheet.  Including  prelim¬ 
inary  and  exploratory  work,  about  25O  deflection  tests  were  made  of 
single  calottized  sheet  of  the  various  materials  and  thicknesses 
shown  in  Table  II.''  The  results  of  the  tests  are  shown  by  the  curves 
(Figs.  13  through  I8)  and  the  graph  (Fig.  19)-  The  results  shown  in 
Figs.  13  thruugh  l3  are  from  specimens  cut  parallel  to  the  longitud¬ 
inal  centerline  of  the  calottized  sheet.  Those  shown  by  Fig.  I9  are 
from  specimens  cut  at  angles  to  the  centerline  and  tested  to  deter-' 
mine  if  the  CALOTTAN  pattern  provides  uniform  rigidity  throioghout 
the  sheet.  Figure  20  compares  the  loads  carried  by  plain  and  calot¬ 
tized  sheet. 


A  deflection  of  1  inch  was  selected  after  exploratory 
tests  as  adequate  to  give  the  information  desired  without  stressing 


Applied  Load  (lb)  of  l"  Deflection 


o 


Percentage  Calottized 

Fig.  13.  Load  vs  percentage  of  calottized  0.0l8-inch  mild 
steel  sheet. 


Applied  Lood  Ob)  at  l"  Deflection 


Percentage  Colottized 


Fig.  15.  Load  vs  percentage  of  calottized,  0.059-inch  mild 
cteel  sheet. 
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Percentage  Colottized 

Fig.  17.  Load  vs  percentage  of  calottized,  0.01i+-inch,  1100-0 
aluminum-alloy  sheet. 


the  materials  beyond  their  yield  points.  Therefore,  the  load  re¬ 
ported  is  always  the  applied  load  required  to  produce  a  deflection 
of  1  inch  at  the  center  of  the  span  of  the  siii5)le  beams. 

b.  Tests  of  Mxxltilayer  Calottized  Sheet.  A  number  of 
deflection  tests  were  also  made  on  two-ply  laminates  of  calottized 
sheet.  Typical  results  of  these  tests  are  shown  in  Fig.  21.  The 
results  are  compared  directly  with  those  from  the  tests  of  single 
sheet  as  the  applied  loads  reported  are  always  at  1-inch  deflection. 

c .  Deflection  Data  for  X  Compsuiy  Rigidized  Sheet.  The 
data  for  the  X  Con5)any  rigidized  sheet  which  are  con5)ared  in  this 
report  with  similar  data  for  calottized  sheet  were  obtained  from  a 
complete  report  of  tests  of  materials  furnished  by  the  Con5)any.  The 
data  used  are  for  their  stiffening  pattern  which  gave  the  best  El 
values  and  is  somewhat  similar  in  appearance  to  the  CALOTTAN  pattern. 
In  considering  these  data,  note  that  the  X  Compauiy  test  specimens 
were  prepared  from  the  plain  unprocessed  portion  of  the  sheet  and 


Applied  Load  (lb)  at  T  Deflection 


2k 


Fig.  18.  Load  vs  percentatge  of  calottized,  0.015-inch,  1100- 
H16  aluminum-alloy  sheet. 


from  a  rigidized  portion  of  the  same  sheet.  The  rigidized  specimens 
were  oriented  so  the  primary  lines  of  the  pattern  approximately  par¬ 
alleled  the  longitiidlnal  and  transverse  centerlines  of  the  specimen. 

9.  Impact  Tests.  Mild  steel  and  aluminum-alloy  sheet  both 
plain  and  calottlzed  by  cold  forming  were  tested  for  resistance  to 
impact  with  the  in5)rovised  equipment  described  in  par.  7*  The 
amount  of  permanent  deflection  of  the  sheet  caused  by  an  in:5)act 
force  of  3*92  ft-lb  was  recorded.  Sheet  calottlzed  with  calottes 
of  various  heists  was  Included.  Results  of  the  tests  of  0.0l8-inch 
steel  sheet  and  0.035-inch  aluminum  sheet  are  shown  by  the  curves  in 
Fig.  22. 
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Fig.  19.  Directional  rigidity  of  calottized  sheet  (0. 035-inch  alminim  sheet 
23.5  percent  calottized). 
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Fig.  20.  Comparison  of  typical  loads  carried  by  plain  and  calottized  sheet. 
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Applied  Lood(lb)at  l" Deflection 

Fig.  21.  Comparison  of  typical  loads  carried  by  plain,  single,  and  two -layer 
calottized  sheet. 


Fig.  22.  Deformation  from  ln^jact. 
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10.  Vibration  Frequency  Tests.  Limited  preliminary  tests  were 
conducted  to  explore  the  vibration  characteristics  of  calottized 
sheet.  The  resonate  frequency  on  13.5-inch  spans  of  plain  0.035- 
inch-thlck  5052  aluminum  sheet  and  23  percent  calottized  samples  of 
the  same  sheet  was  Uo  cps  and  80  cps,  respectively.  A  6-inch  test 
span  of  the  calottized  sheet  heui  a  natural  frequency  of  3^0  cps .  It 
was  observed  during  these  tests  that  calottized  aluminum  sheet  ap¬ 
pears  to  have  the  ability  to  act  as  a  collector  or  condenser  and  to 
assemble  various  impact  frequencies  and  then  to  transmit  them  as  a 
single  frequency.  Additional  testing  is  needed  to  verify  these  ob¬ 
servations.  This  apparent  condenser  characteristic  of  calottized 
sheet  could  be  investigated  by  determining  sound  absorption  coeffi¬ 
cients  using  the  tube  method.  There  also  appeared  to  be  a  slight 
change  in  the  natural  frequency  with  time  as  the  vibration  continued. 


IV.  ANALYSIS  OF  RESULTS 


11.  Deflection.  Figures  13  through  21  show  that  calottizing 
single  metallic  sheet  by  cold  forming  increases  their  flexural  rigid¬ 
ity.  The  influence  the  height  of  calotte  (percentage  cad.ottized) 
has  on  the  magnitude  of  the  increase  in  rigidity  becomes  apparent 
from  a  study  of  the  curves.  The  optimum  percentage  calottized  for 
maximum  rigidity  as  determined  from  these  test  results  and  shown  by 
the  peaks  of  the  curves  in  Figs.  lU  through  17  are: 


0.0l8-inch  steel 
0.035-ii^ch  steel 
0.059-inch  steel 
0.035-inch  altunlnum 
O.OlU-lnch  aluminum 


23  percent 
20  percent 
20  percent 
2k  percent 
26.5  percent 


Therefore,  it  appears  that  a  practicable  figure  for  use  in  produc¬ 
tion  calottizing  as  optimum  height  of  calotte  for  approximate  maxi¬ 
mum  rigidity  is  23  percent  of  the  maximum  plunger  diameter  for  sheet 
cold  formed  on  a  die  of  the  dimensions  used  in  this  investigation. 
Althou^  not  proved  by  these  tests,  it  is  believed  23  percent  will 
be  a  practicable  optimum  for  similar  sheet  calottized  by  cold  form¬ 
ing  on  any  die  of  like  proportions  such  as  shown  in  Table  I. 


The  rigidity  of  optimum  calottized  single  sheet  is  com¬ 
pared  to  that  of  plain  sheet  in  the  bar  graph  (Fig.  20).  If  the 
rigidity  of  single  plain  mild  steel  sheet  is  assumed  to  be  1  the 
rigidity  of  single  calottized  sheet  cold  formed  from  the  same  mate¬ 
rial  is  14  for  the  0 .0l8-inch-thick  steel  sheet,  6.5  for  the  0.035- 
inch  sheet,  and  3*0  for  the  0.059-inch  sheet.  This  indicates  that 
the  gain  in  stiffness  because  of  cold  calottizing  in  a  given  die 
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increases  as  the  sheet  thickness  decreases.  When  compared  on  the 
same  basis,  the  rigidity  ratio  for  0.035-inch -thick  1100-H12  alumi¬ 
num  sheet  is  1  to  5* 

Claims  by  the  CALOTTAN  representatives  (par.  3)  that  calot- 
tized  steel  sheet  is  ten  times  more  rigid  than  the  plain  sheet  and 
that  a  two-ply  combination  will  support  25  times  the  load  supported 
by  the  plain  sheet  are  misleading  and  useless  for  design  as  they  are 
true  only  for  the  thinnest  of  the  sheet  range,  0.020  inch  through 
0.059  inch  (Table  l)  recommended  for  forming  in  the  die  used  in  this 
investigation.  Also,  their  claim  that  calottized  sheet  has  "rigidity 
many  times  greater  than  that  of  any  known  material  of  this  type"  in¬ 
dicates  that  they  are  not  familiar  with  properties  of  rigidized  sheet 
produced  by  X  Company.  This  is  Indicated  by  Fig.  23  where  equivalent 
El  values  determined  by  these  tests  are  plotted  with  those  for  X 
Coii5)any  rigidized  sheets  and  by  Fig.  24  which  shows  sheet  thickness 
versus  rigidity  ratio  for  the  two  stiffening  patterns .  A  study  of 
the  curves  shows  that  in  the  areas  where  data  are  available  the  cal¬ 
ottized  sheet  is  usually  a  little  more  rigid.  However,  the  differ¬ 
ence  in  rigidity  is  not  great. 

The  type  of  alloy  euad  condition  (hardness)  had  a  signifi¬ 
cant  effect  on  the  stiffness  of  plain  aluminum  sheet  as  indicated  by 
Fig.  l6  but  did  not  appear  to  have  a  significant  effect  on  near  op¬ 
timum  calottized  sheet.  Obviovisly,  the  rigidity  ratio  varied  with 
the  stiffness  of  the  plain  sheet  and  varies  from  l/2,2  to  1/6.9  for 
the  alumlnvim  sheet  tested. 

The  directional  rigidity  of  optimum  calottized  cold  formed 
aluminum  sheet  is  shown  graphically  by  Fig.  19.  In  considering  this 
graph,  recall  that  in  producing  specimens  for  test  the  sides  of  the 
sqioare  comprising  the  basic  CALOTTAN  module  pattern  (Fig.  6)  were 
formed  parallel  to  the  sides  of  the  original  sheet  with  the  top  of 
the  pattern  as  shown  .in  the  figure  parallel  to  the  longitudinal 
centerline  of  the  sheet.  Also,  note  that  the  CALOTTAN  pattern  is 
not  symmetrical  because  the  location  of  the  calottes  is  different 
when  related  to  the  transverse  instead  of  the  longitudinal  center- 
line.  A  study  of  Fig.  19  shows  that  optim\jm  calottized  sheet  is 
most  rigid  eind  25  percent  above  the  average  rigidity  when  tested 
parallel  to  the  longitudinal  centerline.  The  rigidity  at  angles  of 
45°,  90°  ^  135°  to  the  longitudinal  centerline  is  admost  equal 

and  about  5  percent  above  average,  auad  tests  at  intermediate  angles 
show  a  rigidity  generally  below  and  some  as  much  as  10  percent  below 
the  average .  These  results  do  not  verify  the  claims  by  the  CALOTTAN 
representatives  that  calottized  sheet  has  "no  preferred  axes  of 
inertia . " 
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Fig.  24.  Sheet  thickness  vs  rigidity  ratio  for  mild  steel 
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The  rigidity  of  optimvm  calottlzed  single  and  two -layer 
sheet  is  compared  to  that  of  plain  single  sheet  in  the  bar  graph 
(Fig.  21).  Again,  when  the  rigidity  of  a  single  plain  sheet  is  as¬ 
sumed  to  be  1,  the  rigidity  of  cold  formed  optimum  calottlzed  two- 
layer  steel  sheet  of  0.0l8-inch  thickness  is  33  and  sheet  of  0.059- 
inch  thickness  is  6.7.  On  the  same  basis,  the  rigidity  ratio  of 
two-layer  0.035-inch  aluminum  sheet  is  1  to  13* 3»  The  rigidity  of 
two -layer  calottlzed  sheets  is  117  percent  more  than  one -layer 
calottlzed  sheets  for  0.059-inch  steel,  l40  percent  for  0.0l8-inch 
steel,  and  I66  percent  for  0.035-inch  aluminum.  As  stated  previous¬ 
ly,  only  the  results  for  the  thinnest  sheet  verify  claims  of  the 
CALOTTAN  representatives. 

12.  Impact .  Results  of  the  improvised  Impact  tests  (Fig.  22) 
are  included  only  to  show  that  calottizing  does  improve  the  in5)act 
resistance  of  sheet  materials.  The  magnitude  of  improvement  indi¬ 
cated  by  these  results  may  be  questionable.  The  results  show  the 
impact  resistance  (based  on  permanent  deflection)  of  26  percent 
calottlzed  0.035-inch  aluminum-alloy  sheet  to  be  2.6  times  that  of 
the  plain  sheet  and  that  of  25  percent  calottlzed  0.0l8-lnch  mild 
steel  sheet  to  be  8  times  that  of  the  plain  sheet.  The  curves  also 
indicate  that  the  optimum  height  of  calotte  for  resistance  to  intpact 
is  approximately  the  same  as  the  optimum  for  resistance  to  flexiire. 

13.  Vibration .  The  vibration  frequency  observations  (par.  10 ) 
were  too  limited  to  justify  quantitative  deductions,  but  they  show 
that  calottizing  metallic  sheet  will  reduce  the  vibration  and  may 
have  other  worthwhile  possibilities  such  as  improved  sound  absorp¬ 
tion.  If  interest  warrants  or  requirements  exist,  additional  test¬ 
ing  shoxild  be  undertaken  to  determine  the  possibilities  of  calottiz¬ 
ing  for  these  uses.  If  additional  testing  is  done,  the  fatigue 
properties  of  calottlzed  sheet  should  also  be  investigated. 

14.  Design.  It  was  not  possible  to  calculate  the  moment  of 
inertia  (l)  for sheet  formed  in  the  complex  CALOTTAN  pattern,  so 
equivalent  El  values  were  calculated  from  the  longitudinal  deflec¬ 
tion  data  obtained.  These  V6j.ues  are  presented  as  curves  in  Fig. 

25.  The  curves  can  be  utilized  to  determine  the  stiffness  to  be 
expected  from  sheet  of  the  materials  and  thicknesses  shown.  The 
curves  cover  plain  sheet  and  sheet  cold  formed  from  zero  to  a 
little  more  than  optimxim  calotte  height. 

In  considering  or  using  these  curves  (Fig.  25)  we  must 
remember  that  they  are  based  upon  longitudinal  deflection  data  only. 
Unfortunately,  no  transverse  deflection  data  were  obtained  for  opti¬ 
mum  calottlzed  steel  sheet,  but  the  investigation  of  directional 
rigidity  which  was  made  on  0.035-inoh  aluminvim  calottlzed  sheet 
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Fig.  25.  Longitudinal  stiffness  (El)  curves  for  calottized 
sheet . 
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(Fig.  19)  shows  that  the  sheet  carries  less  when  loaded  at  angles  to 
the  longitudinal  centerline.  For  example,  I5  percent  less  is  carried 
when  sheet  is  tested  at  90°  to  the  longitudinal  centerline.  Accord¬ 
ingly,  we  should  reduce  the  El  values  of  the  curves  a  suitable  amount 
as  indicated  by  Fig.  19  when  the  sheet  will  be  loaded  at  an  angle. 

Little  flexural  data  were  obtained  from  sheet  formed  to 
beyond  optimum  calotte  heigjht  because  they  are  less  rigid  and  also 
the  steel  and  aluminum  sheets  used  in  this  investigation  started 
falling  in  the  calottes  when  cold  formed  much  beyond  the  optimum. 
Table  III  shows  typical  results  of  our  cold  forming  experience.  It 
is  apparent  from  the  table  that,  as  would  be  expected,  the  more  duc¬ 
tile  materials  formed  best.  Note  that  ductile  commercially  pure 
copper  sheet  was  satisfactorily  cold  formed  to  80  percent  calottized 
which  was  the  maximum  possible  with  the  closure  provided  in  the  die. 
We  had  no  experience  forming  heavy  sheet  as  the  die  would  not  handle 
sheet  mtich  thicker  than  0.059  inch  but  the  CALOTTAN  representatives 
furnished  one  sample  of  0.115-inch-thick-steel  sheet  which  was  69 
percent  calottized,  probably  by  hot  forming. 

Table  III.  Results  of  Calottizing  by  Cold  Forming 


Material 

Type 

Thickness 

(in.) 

Percenta^fe 

Calottized 

Remarks 

Steel 

HR  0.05  Carbon 

0.059 

27 

Good;  no  failures. 

It 

11 

0.035 

32 

It 

tt 

11 

0.018 

39 

11 

tl 

It 

0.018 

64 

Failed;  few  failures. 

11 

11 

0.018 

74 

Failed;  many  failures. 

Alviminvim 

1100-0 

O.OII+ 

32 

Good. 

11 

1100 -H16 

0.015 

21 

Good. 

11 

0.016 

69 

Failed;  cracks  in  all 
calottes . 

11 

0.020 

4l 

Failed;  cracks  in  25 
percent  of  calottes. 

11 

1100-H12 

0.035 

33 

Good. 

It 

1100-0 

0.035 

58 

It 

11 

5052 -H3*^ 

o.oUl 

19 

tl 

11 

11 

0.051 

19 

11 

11 

It 

0.064 

19 

11 

Titanium 

RC-55 

0.050 

63 

Failed;  cracks  in  most 
calottes . 

Copper 

Commercially  0.032 

pure  full  anneal 

80 

Good. 
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Forming  beyond  optimum  calotte  hei^t  would  probably  not 
be  of  interest  for  most  structural  uses  but  would  be  Important  when 
adapting  calottized  sheet  to  other  uses  such  as  incorporation  of 
insulating  filler  materials  and  other  uses  proposed  by  the  devel¬ 
opers  and  mentioned  in  par.  3*  The  Increased  surface  area  of  calot¬ 
tized  sheet  could  be  advantageous  for  some  applications  and  dlsad- 
vantageoiis  for  others.  For  example,  greater  surface  areas  can  be 
obtained  for  applications  requiring  heat  transfer,  but  in  siii5)le 
stiffening  applications  the  calottes  increase  the  quantity  of  pro¬ 
tective  coatings  required  and  may  make  them  more  difficult  to  apply 
and  maintain.  The  additional  space  occupied  by  the  increased  thick¬ 
ness  resulting  from  calottizing  may  be  a  problem  for  some  applica¬ 
tions.  Joining  calottized  sheet  and  attaching  such  sheet  to  struc¬ 
tural  frames  is  a  definite  problem  when  compared  to  flat  sheet  and 
must  be  solved  for  each  application  when  the  sheet  is  incorporated 
in  any  design.  Joining  and  attaching  is  also  a  problem  when  one 
considers  the  structural  shapes  which,  althou^  not  tested  in  this 
investigation,  are  proposed  by  the  representatives  of  CALOTTAN  as 
Illustrated  by  Fig.  26. 

The  stiody  showed  that  up  to  80  percent  calottized  sheet 
can  be  cold  formed  from  properly  selected  materials,  and  it  appears 
that  sheet  of  any  desired  calotte  hei^t  up  to  100  percent  calottized 
could  be  provided  by  proper  selection  of  material  and.  forming  process 
if  its  use  is  found  by  the  designer  to  be  economically  feasible. 

Rlgldizing  metallic  sheet  by  forming  in  either  the  CALOTTAN 
or  X  Company  patterns  does  not  change  their  weight,  so  utilization 
of  rigldlzed  sheet  can  reduce  the  weight  of  an  end  item  as  a  result 
of  the  Increased  rigidity  which  allows  the  use  of  thinner  and  there¬ 
fore  lighter  sheet. 

15 .  Production.  Information  from  the  representatives  of 
CALOTTAN  indicates  that  calottized  sheet  is  being  produced  and  used 
in  Europe.  We  have  not  been  able  to  verify  the  extent  of  the  pro¬ 
duction  or  use.  So  far  as  we  know  CALOTTAN  has  not  been  made  avail¬ 
able  in  the  Ikilted  States.  Ifaquestionably,  calottized  sheet  can  be 
produced  in  large  quantities  if  the  demand  should  Justify  such  pro¬ 
duction.  All  that  has  been  produced  was  formed  by  press -forming 
individual  sheets  but  our  discussions  with  metal  fabricators  indi¬ 
cate  that  calottizing  can  probably  be  accomplished  by  roll  forming 
and  at  a  reduced  cost  if  the  demand  should  justify  the  expendittire 
necessamy  for  such  production  equipment. 


38 


V.  SUMMARY  OF  RESULTS 

16.  Summary.  The  results  of  our  investigation  of  the  CALOTTAN 
process  follow: 

a.  The  stiffness  of  sheet  materials  is  increased  by 
calottizing. 

b.  The  stiffness  of  single  steel  and  aluminum  sheet  cold 
formed  to  optimum  calotte  height  in  the  dies  used  in  this  investiga¬ 
tion  was  increased  over  plain  (flat)  sheet  by  factors  of  from  3  to  a 
maximum  of  l4. 


c.  The  magnitude  of  the  increase  in  stiffness  caused  by 
cold  forming  metallic  sheet  in  the  CALOTTAN  pattern  varies  with  the 
height  of  the  calotte. 

d.  The  magnitude  of  the  increase  in  stiffness  of  metal¬ 
lic  sheets  of  a  given  material  as  a  result  of  optimum  calottizing  by 
cold  forming  in  the  same  die,  decreases  as  the  sheet  thickness  is 
increased. 


e.  To  obtain  maximum  rigidity  from  metallic  sheet  calot- 
tized  by  cold  forming,  the  height  of  the  calottes  should  be  about 

23  percent  of  the  maximum  diameter  of  the  calotte -forming  plunger. 

f.  The  type  and  condition  of  the  alloy  of  a  given  metal¬ 
lic  material  does  not  appear  to  affect  significantly  the  stiffness 
of  sheet  optimum  calottized  by  cold  forming. 

g.  Calottized  metallic  sheet  does  have  "preferred  axes 
of  inertia." 

h.  The  directional  rigidity  of  cold  formed  optimum  calot¬ 
tized  aluminum  sheet  varies  up  to  35  percent. 

(1)  Longitudinal  rigidity  is  greatest  said  25  percent 
above  average. 

(2)  Rigidity  at  k5°,  90°,  and  135°  to  the  longitudi¬ 
nal  centerline  is  about  equal  smd  5  percent  above  average. 

(3)  The  rigidity  at  intermediate  angles  is  as  much 
as  10  percent  below  avereige. 

i.  Metallic  sheet  rigidized  in  the  X  Compeuiy  pattern 
show  stiffness  sometimes  a  little  less  but  approximating  that  of 
similar  calottized  sheet. 


39 


J.  The  stiffness  of  two -layer  steel  and  aluminum  sheet 
cold  formed  to  optimum  calotte  height  in  the  dies  used  in  this  in¬ 
vestigation  was  increased  over  single  plain  sheet  by  factors  of  from 
6.7  to  a  maximm  of  33* 

k.  The  impact  resistance  of  metallic  sheet  is  improved 
by  calottizing. 


l.  Up  to  80  percent  calottized  sheet  can  be  cold  formed 
from  selected  metallic  materials,  and  it  appears  that  metallic  sheet 
of  any  desired  calotte  hei^t  up  to  100  percent  calottized  can  be 
provided  by  proper  selection  of  material  and  forming  process. 

m.  Calottizing  increases  the  vibration  freqioency  of 
metallic  sheet. 


VI.  CONCLUSIONS 

17.  Conclusions .  It  is  concluded  that: 

a.  The  rigidity  and  impact  resistance  of  sheet  materials 
are  increased  considerably  by  calottizing. 

b.  The  claim  made  by  CALOTTAN  representatives  that  the 
rigidity  of  sheet  materials  is  increased  ten  times  by  calottizing 
is  considered  valid  for  only  the  thinnest  sheet  of  the  range  that 
can  be  formed  in  the  CALOTTAN  die. 

c.  The  representatives  of  CALOTTAN  axe  not  familiar  with 
the  properties  of  rlgidized  sheet  produced  by  X  Con5>€uiy.  Their 
claim  that  calottized  sheet  has  "rigidity  many  times  greater  than 
that  of  8uiy  known  material  of  this  type"  is  not  considered  valid 
because  sheet  rigldlzed  by  the  X  Company  pattern  shows  stifness 
approximating  that  of  similar  calottized  sheet. 

d.  Calottized  metallic  sheet  displays  preferred  axes  of 
rigidity,  so  the  claim  made  by  CALOTTAN  representatives  that  ceQ-ot- 
tized  sheet  has  "no  prefeixed  axes  of  inertia"  is  not  considered 
valid . 


e.  Rlgidized  metallic  sheet  materials  can  be  used  to 
reduce  the  weight  of  some  components  of  Military  equipment. 

f .  Calottized  metallic  sheet  should  be  considered  by 
designers  of  Military  equipment  on  a  value  analysis  basis  when 
calottized  sheet  becomes  available  in  the  United  States . 
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g.  Rigidized  sheet  produced  In  the  Itoited  States  by  X 
Compaiiy  is  approximately  as  efficient  as  calottized  sheet,  is  pres- 
ently  available  in  the  United  States,  and  should  be  considered  by 
designers  of  Military  equipment  on  a  value  analysis  basis. 
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Block  23  b  continued 


Phase  I.  Examination  of  Engineer  equipment  under  development. 

Phase  II.  Examination  of  Engineer  equlpmnnt  now  In  the  supply  system. 

(2)  Examination  of  Equipment  items  from  both  phases  may  be  made  concurrently, 

but.  In  general,  examination  of  equipment  under  development  will  have  priority 
over  equipment  now  In  the  system.  The  order  of  selection  of  Items  of  equipment 

and  categories  for  examination  In  each  phase  will  follow  a  priority  based  upon 

the  greatest  need  for  weight  reduction  from  the  viewpoint  of  the  maximum  ovec*all 
benefit  toward  decreased  logistics  problems  with  Engineer  equipment. 

(3)  Studies  will  be  Initiated  on  new  equipment  during  early  stages  of  the 
development.  Bills  of  material  will  be  established  in  cooperation  with  personnel 
of  the  pertinent  end  Item  development  task.  The  bills  of  material  will  be  reviewec 
as  required  during  the  development  so  final  selections  will  conform  to  the  objec¬ 
tive  of  this  task. 

(4)  Studies  will  be  Initiated  on  Items  now  In  the  supply  system  when  Indicated 
to  correct  deficiencies  or  in  accordance  with  priorities  in  par.  23b(2)  above  as 
time  permits. 

(3)  Categories  of  Investigation  may  include  but  are  not  limited  to  modernising 
technical  characteristics,  selecting  materials  to  correct  reported  deficiencies, 
consideration  of  lightweight  metals  In  new  applications,  re-examlnation  of  un¬ 
successful  applications  in  tight  of  new  knowledge,  review  of  lightweight  metal 
applications  mads  by  others,  and  application  of  more  efficient  methods  of  utilis¬ 
ing  all  metals  to  obtain  equal  performance  form  lighter  weight  components. 

(6)  When  desirable  ee  a  result  of  the  investigation,  bills  of  material  will 
be  finalised  and  action  taken  to  incorporate  them  in  pertinent  drawings  and  spaei- 
fications. 

c.  Tasks; 

Hot  applicable. 

d.  Other  information; 

(1)  Scientific  Research;  None. 

(2)  References;  Hone. 

(3)  Discussion;  The  urgent  need  for  an  item  has  often  imposed  on  the  pro¬ 
ject  engineer  the  necessity  of  using  expedients.  The  performance  requirement  has 
been  SMt  while  logistics  problems  have  been  increased.  Items  developed  under 
those  conditions  may  be  expensive,  excessively  heavy,  difficult  or  Impossible  to 
transport  by  aircraft,  and  also  difficult  to  produce,  operate,  and  maintain.  This 
task  will  correct  a  large  number  of  these  faults  or  shortcomings  by  smterially 
reducing  the  weight,  the  quantity  of  critical  materials,  the  cost,  and  other 
problems,  and  by  improving  the  over-all  military  potential. 


nevcACCH  oo  roMsa  "hich  okboukts. 
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HONEYCOMB-TYTE  STRUCTURAL  MATERULS 
AND  METHOD  OP  MAKING  SAME 

JawBh  Pfislenhaaimcr,  Dlcdkoa,  Zorich,  SwHzcrUod 
ApoUcathM  Joo*  I*.  1951.  Serial  No.  291.759 
24ClalM.  (CL1S4— 5U) 

The  preaent  inveotioD  reUlci  to  new  uniclural  fflaie- 
riaU.  The  itniclural  oiateriali  accordini  to  this  inven¬ 
tion  have  a  lattice-like  form  and  coosial  at  least  in  part 
of  a  component  of  great  atrength  and  ductility  (basic 
material)  such  as  steel,  aluminum  and  the  like,  or  a 
synthetic  material  of  auiuble  nature,  such  aa  a  polyamide, 
at  least  part  of  the  basic  material  being  formed  in  such 
a  manner  at  to  provide  curved  lines  of  stress  in  every 
direction  of  stress  of  the  structure. 

Such  structural  materials  are  employed,  for  example,  in 
the  construction  of  coverings  for  vehicles  of  all  kinds, 
as  well  as  for  roofs,  walls,  floors,  ceilings,  boilers,  con- 
uiners  and  the  like.  The  structural  material  according 
to  the  present  invention  is  characterized  by  its  high  clastic 
deformability  in  all  directions  of  stress.  To  this  end,  the 
basic  material  is  formed  so  u  to  provide  curved  lines  of 
stress,  preferably  in  every  direclkm  of  stress. 

Embodiments  of  the  structural  material  particularly 
suited  for  the  purpose  of  this  disclosure  consist  of  a 
basic  material  whose  entire  surface  is  formed  by  closely 
adjacent  elevations,  or  both  depressions  and  elevations 
so  that  the  structure  is  fully  curved  in  every  principal 
directions  of  stress. 

For  particular  applications,  it  has  been  found  advan¬ 
tageous  to  employ  a  second  material  when  producing  the 
structure  in  addition  to  the  aforementioned  basic  mate¬ 
rial.  The  second  material  should  possess  a  high  degree 
of  hardness  and  high  heat  resistance,  such  as  material  of 
a  mineral  nature.  This  second  material  is  enclosed  as 
a  filling  material  within  hollow  spaces  provided  by  the 
basic  material.  Such  filling  material  may  consist  of 
granular,  comminuted  or,  preferably,  spherical  particles. 

The  novel  features  which  I  consider  characteristic  of 
my  invention  are  set  forth  with  paHiculariiy  in  the  ap¬ 
pended  claims.  The  invention  itself,  however,  and  any 
additional  objects  and  advantages  tliereof  will  best  be 
understood  from  the  following  description  of  several  pre¬ 
ferred  embodiments  when  read  in  conjunction  with  the 
accompanying  drawings,  in  which: 

Figs.  I  and  2  are  diagrammatic  sectional  views  illus¬ 
trating  the  principle  incorporated  in  structures  of  the 
present  invention.  Fig.  1  being  a  sectional  view  on  the 
line  I — I  on  Fig.  2; 

Fig.  3  U  i  sectional  view  taken  on  the  line  III — 111  of 
Fi(.  4,  both  showing  a  construction  in  which  the  depres¬ 
sions  and  elevations  are  formed  and  arranged  differently 
from  those  shown  in  Figs.  1  and  2; 

Fig.  5  is  a  sectional  view  of  a  first  embodiment  of  a 
structure  made  up  of  basic  material; 

Fig.  6  is  a  sectional  view  of  another  embodiment  of  a 
structure  made  up  of  basic  material; 

Fig.  7  is  the  embodiment  of  a  structure  wherein,  ac¬ 
cording  to  the  invention,  laminations  of  different  basic 
materials  are  employed; 

Fig.  8  is  the  embodiment  of  a  curved  structure  made 
according  to  this  invention; 

Figs.  9  and  10  arc  front  and  end  views,  respectively, 
of  a  structure  (partly  shown  in  section  in  Fig.  10)  and 


2 

constating  of  batie  materials  and  a  filling  material  ac- 
cordtiig  to  the  invention,  is  inserted  within  the  hollow 
spaces  of  the  basic  material; 

Figt.  11  and  12  show  two  difleieot  embodiments  of  the 
8  invention  svlierein  a  filling  material  has  been  cast  into 
the  baric  material; 

Fig.  I)  is  an  embodiment  of  a  stnicture  according  to 
the  invention  wherein  the  components  of  the  siruclurti 
material  are  pressed  together  by  lamination;  and 
>0  Fig.  14  is  the  embodiment  of  a  slruclure  formed  by 
spraying  component  paiti  onto  a  mold. 

The  structural  material  diagrammalically  illustrated  in 
Figs.  I  and  2  is  provided,  throughout  its  area,  with  closely 
adjacent  depressions  and  elevationa  1  and  2  respectively. 
IS  These  depressions  and  elevations  are  of  elongated  shape 
and  are  alternately  vertically  offset  against  etch  other. 
In  order  to  clearly  undcistand  the  principle,  applied,  the 
depressions  have  been  marked  "  and  the  elevations 
“+~  in  Fig.  2.  As  may  be  seen,  this  structural  material 
*0  posi»Me7  only  rerved  liam  of  :ucii  i,>  every  principal 
direetkm  of  stress.  The  plan  view  of  Fig.  2  particularly 
shows  that,  because  of  the  arrangement  of  the  depres¬ 
sions  and  elevationa  1  and  2.  respectively,  Itie  lines  of 
stress  obtained  arc  curved  to  a  higher  or  lesser  degree. 
28  Alternatively,  such  elevations  and  depressions  may  be 
circular  instead  of  oval,  and  be  pressed  into  a  plate  in 
the  shape  of  hemispheres. 

In  a  preferred  arrangement  of  hemispherical  domes 
in  pairs,  the  edges  of  the  domes  touch  in  the  direction  of 
50  the  conunon  center  line,  so  that  the  common  center  lines 
of  adjacent  pairs  of  hemispheres  are  normal  to  each 
other  and  intersect  at  the  point  of  contact  between  two 
paired  hemispheres,  as  appears  from  Figs.  3  and  4.  It 
is  understood  that  all  depressions  and  elevations  need 
36  not  be  of  identical  size  and  shape,  and,  particularly  for 
laminations  used  individually  or  on  the  outside,  d^res- 
sions  or  elevations  may  be  used  alone. 

Fig.  5  shows  a  structural  material  comprising,  in  parts 
3  to  7,  a  plurality  of  elements  shown  in  Figs.  I  and  2, 
40  assembled  in  such  a  manner  that  the  depressions  of  one 
element  and  the  elevations  of  the  adjacent  element  en¬ 
gage  each  other.  Parts  3  to  7  of  the  structural  material 
may  be  welded  or  riveted  together  at  their  points  of 
contact.  However  when  made  from  materials  such  as 
plastic,  the  multiple  elements  may  be  produced  together 
in  a  single  casting.  The  lattice  work  making  up  the  struc¬ 
ture  produces  a  plurality  of  closed  hollow  spaces  1-1 1, 
whereby  high  resistance  is  atlaioed  against  penetration 
of  structures  of  this  type.  Moreover,  such  structures  are 
largely  heat  and  sound  proof. 

In  many  cases  structural  material  must  possess  a 
smooth  exterior  surface  in  case  of  coverings  for  vehicles, 
etc.  To  this  end,  the  structure  may  be  covered,  at  least 
on  one  side  and  vertically  to  the  principal  directions  of 
„  stress,  by  a  material  having  a  smooth  surface  instead  of 
°  the  afore-described  depressions  and  elevations. 

Fig.  6  shows  such  a  structure  comprising  an  element 
12  similar  to  the  elements  1,  2  shown  in  Figs.  1  and  2, 
and  having  flat  plates  13  and  14,  respectively,  affixed  to 
gQ  (he  two  sides  thereof.  The  structure  possesses  fully 
curved  lines  of  stress  transversely  to  principal  directions 
of  stress  only,  while  c<  -prising  straight  lines  in  the  direc¬ 
tions  of  minor  stress.  .  recording  to  an  additional  feature 
of  the  invention,  sheets  may  be  assembled  whose  domc- 
g.,  shaped  elevations  or  depressions  and  elevations  differ  in 
size  and  spacing,  provided  that  the  number  of  the  de¬ 
pressions  and  elevations  in  one  sheet  is  an  even  multiple 
of  those  in  the  other  sheet.  For  example,  the  depressions 
and  elevations  of  (he  outer  sheet  may  have  a  size 
YQ  and  be  arranged  at  a  distance  of  one-third  to  one-half  of 
(hose  of  the  intermediate  sheets.  ' 

Fig.  7  shows  an  embodiment  wLjrein  the  spacing  be- 
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iWMo  llw  devMiew  aad  dfpNMioM  1  aad  X  nvectivcly. 
o(  te  outer  AMti  IS  it  only  oae-half  o(  that  of  dM  Ister- 
■ttSUte  ihtett  IS.  Such  ttructurtt  art  tuUable,  for  exam- 
pit,  at  niifaoc  to  bt  walked  ou  (Soon).  The  interior 
diMti  are  provided  with  oouiparativaly  larpe  deprettions 
and  elevalioai,  rctpectively,  while  the  outer  iheett  have 
■nan  deprettioot  and  elevatioot  the  number  of  which  it 
an  even  multiple  of  the  larptr  dtpremioni  and  elevatioot. 
The  depth  of  the  drprtitlent  and  elevatioot  in  the  outer 
and  inner  dieett,  retpecthnly,  mty  vary  at  well,  at  appeart 
from  the  examplt  thown  in  Fis.  7.  The  dome-shaped  ele- 
vatiooi  nuy  alto  be  dl^wted  on  ooe  tide  only  in  order 
to  prevent  or  reader  more  diflcult  the  eatchinf  of  water  or 
dutt  if  the  itructurc  it  employed,  tay,  at  a  rooflni  ma¬ 
terial.  Slructuree  with  elevatioot  diipated  on  one  tide 
only  may,  hovwver,  alto  be  employed  for  protectinf  jackeU 
of  boilert,  or  for  contalnere  and  the  like. 

Fif.  I  thowt  the  maooer  in  which  a  boiler  wall  IT  it 
reinforced  with  a  itructure  havini  elevationt  on  one  tide 
only. 

The  atructural  material  thown  in  Fipt.  9  and  10  com- 
priiet  a  plurality  of  laminatiooi  19  of  the  batic  material. 
At  drawn  in  detail  in  Fip.  10.  theee  lamiiutioot  are  pro¬ 
vided  with  clotely  adjacent  dapretuont  and  elevatioot  M 
and  11,  retpeclively,  dittributed  over  the  entire  nirface 
and  atiembled  in  tuch  a  manner  that  the  d^rciiioot  M 
of.  tay.  the  dieet  19*,  overiie  the  elevatioot  11"  of  the 
adjacent  theet  19".  The  theelt  are  welded  topether  at 
their  poinU  of  contact.  The  hollow  tpaect  formed  be¬ 
tween  adjacent  iheett  are  lUlad  with  mineral  matter  11 
cootittint  of  pranulet  of  preferably  uniform  dm.  O^- 
intt  provided  in  the  end  plaw  13  welded  to  Oe  draeU 
permit  entry  and  removal  of  the  lUUnp.  If  not  in  ute, 
thete  openinti  are  doted  by  meant  of  icrew  plupt  14. 
A  flanpe  IS,  welded  to  another  end  plate,  permiti  connec¬ 
tion  between  the  end  plait  and  other,  dmilariy  conatnicted 

plalet,  at  iUualrated  in  Fig.  10.  If,  for  example,  the  Aaped 
itructuie  draem  it  to  be  uted  at  an  armor  plate  <vt«iii,» 
of  Meel  laminathm  totaUni  35  cm.  in  thickntm.  the 
individual  laminaliona  nuy  be  approximately  1.3  cm.  thH' 
while  the  toe  of  the  Sllini  material  granulei  drauld 
average  2  cm. 

Fig.  1 1  illuitratei  a  plate  itructure  wherein  the  mineral 
niliag  material  IS  it  caat  into  the  bade  material  IT  in  the 
form  ^  granulm  of  varying  dimendoot.  The  volumetric 
raiw  betweitt  the  Slling  material  and  the  buie  malarial 
(fllling  codfciint)  it  practically  uniform  throughout  the 
enUiebody.  Connacting  memhan  M  with  iciew  ttmndi 
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Slling  material  3T  are  gprayad  in  teveral  alternating  layera. 

Flalat  or  partt  made  of  the  new  ttructural  material  and 
compriting  one  or  teveral  lamlnationt  permit  an  eaty  and 
extremely  Srm  connection  in  overlapping  relatioo.  The 
tipt  of  the  d^readoot  and  elevatioot  of  ooe  plata  fng«tT 
limilar  depretdona  and  elevationt  of  the  adjacent  plate 
and  are  bdd  in  thit  podtion  by  conventional  meant, 

casting  alone  produdog  bondt  of  high  tendla  Mrength 

with  thin  lamlnationt  of  thickneaaet  up  to  1  mm. 

A  further  advantage  of  the  berdn-deycribed  ttructural 
malerial  over  feno-concrete  dructuret  which  hu  not  been 
previoudy  mentioned,  it  that  tuch  atructuret,  particularly  if 
made  by  meant  of  cadiag,  may  be  uted  imtudialely  while 
concrete  taku  a  coodderableliaw  to  act.  Moreover,  ttruc- 
lural  material  of  the  herein-ditcloted  type,  my  in  form  of 
Manng  pillart.  utilixet  the  oompreadve  atrerigth  of  hard 
broken  itonet,  quanUtadvely  tbdr  moat  important  com- 
ponem,  permuting  a  load  of  up  to  4000  kg./cm.>,  while 
^  concreto  pillart  the  tame  material  can  be 
utili^  miy  up  to  the  oompreadve  drength  of  the  cement 
binder,  vii.  a  lo^  of  approximately  300  kg./cm.>. 

Any  given  tmghi  of  the  new  ttructural  material,  with 
or  withMt  suing  material,  combiner  a  maximum  of  el^ 
ticity  with  a  maximum  of  admitdble  load.  It  withdands 
great  and  ludden  temperature  changei  without  the  rian- 
geroui  internal  dreaaet  retulting  in  craekt,  and  it  acu 
at  a  highly  eSIcient  intulalor  a^irut  temperature  dWer- 
enlialt,  lound  and  vibration.  Moreover,  it  it  practicrdly 
rupture-proof,  even  under  great  deformation  dremet 

The  dructuret  according  to  thii  invention  may  be  em- 
ployed  u  dructural  elemenli  or  be  formed  direcUy  into 

of  pUle-like,  dome¬ 
like.  pillar-like,  tubulw  or  boiler-Uke  tha^  may  be 
therefrom.  Entitiea,  including  high-preeture  boilert, 
from  imterial  according  to  the  invention  are  free  from 
internal  dreaaet  in  any  dimention,  irretpective  of  whether 
mey  have  been  produced  by  rolliag  or  catting  opcrationt. 
Even  froien  boilert  or  mdialart,  when  thawed,  will  not 
c^  but  expand  eladicaUy  and  retume  their  former 
inape.  Variouc  alterationi  in  reipect  of  the  ttructure 
the  type  of  the  material  em- 
ployed  and  ipecial  oondructional  featuret  may  be  ef- 
•W'out  departure  from  the  tcope  of  the  invention. 

One  of  the  prefemd  ram  of  dructural  malerial  accord- 
^10  Ut  inventioa  ia  that  of  producing  armor  lurfacet. 
T”?  ••»  «»»«"«  developincot  of  projectilet  and  ex- 
9">J’9  eharget  the  demnndt  made  on  armor  plate  are 
gmfrally  incrying.  Variont  meant  have  been  devited 
?*..‘y?****  reddanee  of  armor  plate  wiOi- 


19  are  cad  into  the  dructuie  te  ittartimrnl  to  «uf»TT  ^  *^^*****9  Impact  letittanct  of  armor  plal 
thnilar  dracturci  or  for  fadeniag  other  ilrmrnli  to  the  of  the  plate.  Oen- 

dructure.  It  will  prove  advartageout  in  certain  cater  ^***“*Si  action  of  a  Sal  plalc  extending  nor- 

to  cad  paru  of  a  machinable  material  inlo  the  dnieture  "S’'  ?  *rectioo  of  a  projectile  may  be  compared 
and  to  machine  them,  aubwquenl  to  the  catting,  for  the  ■  ..  ***2"  "P*  tubjected  to  a  dress 

particular  function  they  are  to  atrve.  „  miermediale  the  pointt  of  mipention.  The  more  Uui 

Thin-walled  riiaped  bodiet  may,  obviondy.  contain  only  «>•  rope,  the  greater  will  be  the  dren  caused  by  a  given 
«mail-d»  granular  Slling  material,  which  it  preferably  “P"**"*  diterenlly,  the  diets  will  be  reduced 

mixed  into  the  bade  material  prior  to  catting.  proportionately  to  the  redliency  of  the  rope  and  the  dan- 

The  suing  material  39  is  cad  into  the  bode  malerial  31  "P*""  **  dmSarty  reduced  in  cate  of  a 

of  the  dructuie  iihidralad  in  Fig.  12.  However,  the  Slliat  ."*"**"■  "P*~.  •"  »™*or  plate  should 

coeSIcienl,  on  the  aatumpiioo  that  the  particular  b^  be  cnndrecl^  In  such  a  manner  that  every  section  tub- 


I  be  dibiect  to  beading  dratttt,  it  loeaUy  adapted  fat 
such  a  manner  that  ibt  bade  maltrial  it  yffratrtl  ia 
iht  aont  of  tendon  (top)  whOt  the  SlUag  maltritl  it  con- 
oMraled  in  the  zone  of  prtature  (bottom).  The  mar-  gg 
ginai  zones  31  of  the  plalc  contain  no  Slling  material  in 
order  to  enable  the  ptate  to  be  welded  to  other  pi^ 
etc. 

The  plate  illudraltd  in  Fig.  13  compritet  a  phirality 
of  thectt  33  of  the  bade  maltiial  preattd  togtihtr  u4lh  TO 
intermedial:  Uyert  of  SUiag  amlerial  34  Ihirctielacoii 
The  thkknett  of  the  theett  correspondt  to  the  avertgt  size 
of  the  graaulet. 

The  plait  dructmu  iOottralad  in  Fig.  14  coa^ritM  a 
moM3SonwhichlhtbadcmaltriillSaadaaannactant 


)M  to  the  impact  of  a  piujtelile  is  redlient  in  every 
oooodvable  direction  of  approach  of  the  said  projectile. 
Anoiding  to  the  pwmnt  invention  thit  object  it  attained. 
Ml  armor  plale  may  be  of  a  coodruction  dmilar  to 
the  oonugaied  diaphragm  of  an  aneroid  barometer.  It 
was  found  particularly  advaalagaout  to  shape  the  depres- 
^  and  dtvatioat  at  dosnet,  or  hollow  hemispheres. 
In  order  to  piuAioe  armor  pUte  srilh  the  necettary  ri- 
gMily  it  it  advisable  to  build  up  several  tlracls  of  the 
Sweribod  diueinre  into  a  lamlnatod  body,  and  to  dis¬ 
pose  the  thoMt  fat  tuch  a  manner  that  the  depiestiont 
of  one  ditet  overlie  the  elevations  of  the  tdjacent  sheet, 
the  potatt  of  ooniact  btiag  connected  by  weMing  or 
riveting,  or  by  cadiag  the  oatiie  ttructure  in  one  piece. 

Rigid  armor  plate  may  be  condructed  in  thit  manner 
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havinf  •  ntUkiiey  br  Mparior  lo  thu  o<  a  Sat  amtor 
platt.  NavertbtlaM,  iha  plau,  at  a  wholt,  hat  tu  inalcr 
rifMity  and  beaitag  ttnntth  than  eoavaadootl  annor 
plate.  Ezperimentt  have  ibowa  that  the  fanpaet  retittaDce 
of  inaor  plate  conttnieted  aeoanUop  to  thit  loventloB, 
when  utinf  Identical  quaotltiet  of  haeie  nuterial  it  a 
multiple  of  that  of  conventional  araior  plate.  Apart 
from  the  reatont  outlined  above,  the  n^ieri^ty  of  armor 
plate  according  to  thit  inventioo  mtidtt  in  the  fact  that 
the  aecthm  hit  by  the  projectile  It  not  tcattered  tt  the 
point  of  impact  at  it  the  cate  of  conventional  armor 
plate  but.  due  to  ita  curved  thape  and  resilient  char¬ 
acter,  drastically  retitlt  the  impact  of  the  projectile.  It 
it  obvious  that  the  exterior  shape  of  the  armor  plate 
alto  incieatet  the  likelihood  of  deilection  of  die  pro¬ 
jectile. 

The  mineral  Slling  nuteriai  disposed  in  the  hollow 
ipacea  of  the  armor  plate  eervet  a  number  of  purposes. 
Principally,  it  it  calM  upon  to  alow  down  the  entering 
projectile.  It  it,  therefoK,  advantageous  to  employ  a 
filling  material  postetting  a  high  dcgm  of  hardoeu  and 
a  high  coefficient  of  friction.  The  material  la,  of  course, 
crushed  by  the  entering  projectile,  but  it  thus  eoruumes 
dM  kinetic  energy  of  the  projectile  and  rcsitta  the  further 
penetration  of  the  projectile  in  a  high  degree.  The  pres¬ 
sure  which  the  proje^ile  exerts  upon  the  armor  plate 
it  thereby  scattered  in  a  wide-an^ed  cone  to  that  the 
kinetic  energy  of  the  projectile  it  diatributed  over  a  con- 
aidmble  area  which  it  retilient  and  inetaattt  at  pene¬ 
tration  progreaeet.  It  it  not  advisable  to  enti  concrete 
into  the  hollow  tpacet  becauea  eosKtnM  tsrotild  contti- 
nile  a  rigid  component  having  a  large  momerd  of  Inertia. 
Moreover,  concrete  It  too  toft  and,  beitM  devoid  of  hol¬ 
low  tpacet  between  individual  partklet,  fails  to  oppose 
the  transnaiatiao  of  htat  or  to  ditptrte  the  Saeb.  For 
thit  raaton  the  Slling  material  whhltt  hoUow  apaott  it 
preftnably  granular.  A  high  Slling  coefSeienl  may  be 
achltved  by  meant,  such  at  vibrators.  A  fUrthtr  fuac- 
tion  of  the  Slling  material  it  lo  reduce  the  fiatitqi  action 
of  certain  projectilet,  particularly  prajectilea  with  hoi- 
low  ehargat.  For  this  purpote  the  Slling  material  paef- 
arabiy  poeteaeet  a  highCT  melting  point,  and  a  thermal 
eondiicdviiy  eeveral  limae  lower  than  that  of  the  basic  ma¬ 
terial.  These  conditions  are  ftilSlIed  for  example,  by  a 
combination  of  steel  and  steatite  or  cornadum  as  the  m^- 
ia«  point  of  tbt  latter  material  Uet  ffer  above  that  of 
atael.  An  armor  plate  of  the  above  deecrlbed  construc¬ 
tion  it  anitabic  for  any  type  of  armor  both  for  armored 
cart  (tanka)  and  Alps,  in  particular  submatinea,  and  lor 
afa«^  gun  thitidt,  fartriiaei.  abelten  and  the  Hke. 

In  many  cates  of  metal  conttruction,  and  particularly 
steel  conatructiont  of  all  kinda,  low  ureight  structural  ma- 
teriala  or  atroctural  elenianta  are  required  which,  never- 
theleea,  poateat  the  atrenglb  and  heat  resistance  of  con¬ 
ventional  materials.  Structural  materials  of  this  inven¬ 
tion  comply  ssilh  these  requiremenu.  The  basic  material 
tuilabic  in  aucb  cates  it  a  metal,  irwat  frequently  tieel. 
srhlch  lends  the  eltmenl  the  necessary  strength  (tensile 
and  bending  strength),  srhSe  at  Slling  mateiial  pebMea 
timy  be  used  whose  apeeWe  sreight  it  considerably  lower 
than  that  of  the  baaic  material,  auch  as  steel.  Aluminum 
alloys  of  which  aotna  are  convnrable  to  steel  in  respect 
of  teruile  strength  are  particularly  tuilable  for  use  as 
baale  iiMterial  osring  to  thair  small  wsighl. 

If  the  structure  is  not  required  to  be  highly  heal  re- 
tMam,  non-mstallie  matetiala,  auch  m  pfawtica,  may  serve 
as  baaic  materials.  The  pohramMes  knosra  ante  the 
trade  names  of  Nyloo  and  Otilon  were  found  to  be  suit¬ 
able  in  Ueu  of  ticid. 

The  dertwndt  made  on  the  Ailing  material  nwy  vary 
widely  according  to  the  use  to  which  the  material  la  put. 
In  general,  materials  postetting  great  hardneet  and  high 
compreative  strength,  such  at  quartx,  particularly  hard 
baatih,  silicon  carbide  and  corundum,  will  be  praiarrad. 
For  apodal  utea  hard  glass,  hard  porcelaia.  ttsatite  or 
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the  like  may  be  used  as  Slling  material.  It  is  obvious 
that  the  Slling  material  may  be  a  mixture  of  varioue  min¬ 
eral  tubslaneet.  For  atructuree  and  atiuctural  elements 
exposed  to  high  heat,  Slling  materials  will  be  preferable 
6  whose  melting  point  is  hi^r  and  whose  heat  conduc¬ 
tivity  it  lower  than  that  of  the  basis  material. 

In  order  lo  replace  atructural  maierials,  e.  g.,  steel 
or  concrete,  by  a  atructural  element  of  the  kind  d^ribed 
possessing  leaser  weight  and  higher  strength  respectively, 
10  certain  limits  mutt  be  observed  in  reaped  of  the  mechan¬ 
ical  strength  of  the  individual  componenla.  It  may  thus 
often  be  found  advantageous  to  employ  a  basic  material 
possessing  a  tensile  strength  of  not  leas  than  4000 
kg./cm.*.  The  tealiaMe  values  are  approximately  0000 
15  for  steel,  4500  for  certain  aluminium  dloya  and  approxi¬ 
mately  4500  kg./cm.>  for  nylon.  On  the  other  hand,  the 
Ailing  material  should  hara  a  tensile  strength  of  not  less 
than  4000  kg./cm.'  and  a  hardness  of  at  least  7  (M^s' 
hardneu).  values  that  may  be  attained  with  materials  such 
20  as  quartz  and  corundum.  All  disadvantages  inherent  in 
the  basic  material  if  applied  alone,  such  as  great  weight, 
insufficient  heal  reaialanee,  high  heal  conductivity,  and 
high  price  of  the  basic  materials,  and  low  tensile  strength 
(usually  below  500  kg./em.')  coocomiunt  with  brittle- 
25  ness  of  the  Aller,  may  be  aubatsniially  eliminated  by  the 
herein  disclosed  combination  of  the  two  components. 

At  far  at  the  thape  of  the  atrudural  material  it  con¬ 
cerned,  toy  shape  and  form  may  be  produced.  The 
sirudure  may  be  a  hollow  body  contitting  of  the  basic 
50  material  in  which  the  iniefior  apace  it  Ailed  with  Oiling 
nuteriai  in  coarsely  or  flnely  granular  form.  It  it  td- 
vanlageout  in  many  inttancet  to  aubdivide  the  interior 
space  into  a  plurality  of  hollow  anapes. 

A  further  embodimenl  of  the  work  material  according 
55  lo  my  inventioo  has  the  Ailing  material  cast  into  the  basic 
material.  Catting  la  preferably  effected  under  preasure, 
such  at  a  preaturc  of  10  atmoapherea,  to  that  the  mineral 
inclusions  arc  pre-iensioned.  The  objed  can  be  attained 
by  working  with  healed  materials.  The  baaic  material 
40  usually  conlrads  lo  a  greater  extent  on  cooling  or  aolidi- 
fleatioo  than  the  Ailing  material,  so  that  the  latter  is  com- 
pretaed  upon  eooliog. 

The  applicalions  of  cast  structures  of  this  type  are 
practically  unlimited.  With  steel  as  the  basic  material, 
the  slnidural  element  can  replace  an  element  made  of 
**  steel  alone  in  almost  all  practical  cases  ttatce  the  lattice- 
like  structure  provides  a  mechanical  strength  practically 
identical  with  or  only  inconsiderably  knver  than  siael. 
Moreover  the  saving  in  weight  and  costs  which  may  reach 
50  per  ceM  and  more,  the  reduced  heat  conductivity  and. 
^  in  certain  cases,  the  increased  heat  reaisiaace  arc  of  great¬ 
est  importance.  The  use  of  an  aluminium  alloy  as  basic 
material  enaUea  a  further  weight  redudion. 

Such  atrudurts  may,  for  inaunce,  be  adapted  at  ele¬ 
ments  in  the  construdion  of  at  least  part  of  the  hull  of  a 
^  ship  or  aircraft.  The  raving  in  weight  hat  a  very  favor¬ 
able  effect  on  the  energy  required  for  the  propulsion  of 
these  and  other  vehicles.  Plate-like  bodies  may  be  ffian- 
ufadured  for  use  as  structural  elements  for  certain  floor 
flnishca.  Rtrad  surfaces  and  runways  for  aircraft  em- 
***  bodying  the  present  invention  are  much  less  subject  to 
wear  and  tear  than  similar  structures  made  of  concrete  or 
gravel.  In  addition,  due  to  the  presence  of  the  min¬ 
eral  Ailing  material,  which  should  be  present  in  large 
amounts  for  such  purposes,  such  surfaces  have  a  far  better 
*A  “grip"  than  steel  runways,  for  instance.  Moreover,  dec¬ 
orative  floon,  srindow-caaes  and  doorposts  nray  be  made 
of  the  material.  In  order  to  enhance  their  attractiveness, 
regularly  shaped  stones  of  identical  or  different  cotors 
arranged  in  mosaic  may  be  used  on  the  surface  while  the 
TO  non-ferrous  metal  used  as  basic  material  is  made  visible 
at  the  joints.  The  cast  body  may  also  be  designed  as 
an  explosive  charge,  a  nonmctallk  material  serving  as 
bask  material  in  cettain  cases.  This  is  of  particular  ad¬ 
vantage  if  the  exploeive  charge  it  a  mine  because,  due 
Tfl  to  the  sbeence  of  metallk  components,  it  cannot  be  de- 
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ticlad  by  oMuu  of  dw  unuU  mine  deteeton.  Stnietunl 
nwIttW  of  thh  type  to  of  putieular  value  in  the  ooo- 
Mraetioii  of  tafei.  It  to  pra^eally  impoMible  to  daa&oy 
by  maaiM  of  weldint  tofchea  tafet  made  of  thto  material. 
Finally,  etnicturci  acoonUng  to  the  premat  iaveadoo  can 
be  used  aa  poke  or  at  least  as  parts  thereof.  Poles  so 
ooBstnieted  (e.  g.  poles  for  electric  transmission  systems) 
will  prove  far  more  resistant  against  the  effects  of  the 
wauher,  e.  g.  sand  storms  in  deserts,  than  poles  made  of 
steel  or  concrete. 

According  to  a  fundamentally  different  embodiment 
of  the  present  invention,  the  tilling  material  is  pressed 
togedier  between  sheets  of  the  basic  material,  in  layers 
of  a  thickness  comparable  with  the  size  of  the  granules. 
Structures  of  this  type  ate  preferably  produced  by  means 
of  a  rubber  plunger  in  order  to  achieve  an  intimate 
juncture  of  the  components.  In  additim,  a  binding 
agent  with  high  binding  power,  such  at  a  cellulose  binder, 
may  be  used  to  bind  the  ebeets  and  the  IlUiag  material. 
Furthermore,  the  sheets  may  be  coruected  by  mearu  of 
rivets,  screws  or  by  tvelding  at  predetermined  points  and 
around  the  edges.  This  embodiment  it  pattkulariy 
suited  to  the  manufacture  of  helmets  akin  to  steel  hel¬ 
mets,  the  preferred  material  for  the  sheets  of  approx. 
1.0  mm.  thickness  being  a  material  of  lesser  weight, 
such  as  plastic.  The  most  suitable  Ailing  material  is 
guartz  sand  whose  granules  should,  for  this  purpose,  be 
of  a  diameter  of  approximately  1  mm.  Of  course  the 
applicalion  of  the  strueturct  of  the  kind  described  it  not 
rastrictsd  to  the  above-mentioned  example. 

Comparable  to  cast  structures  it  an  embodiment 
wherein  the  bask  material  and  the  Ailing  material  are 
applied  on  a  mold  in  ahemating  coals.  Hie  mold  may 
constitute  part  of  the  structure  or  merely  serve  for  the 
manufacture  thereof.  The  components  may,  for  in¬ 
stance,  be  sprayed  upon  the  mold,  but  the  application 
of  the  composMots  to  the  mold  may  also  be  effected  by 
dipping.  In  either  case,  the  Ailing  material  must  be 
applied  prior  to  the  solidiAcathm  of  the  basic  material 
in  order  to  ensure  perfect  inclusioo  of  the  AlUng  mate¬ 
rial  between  continuous  layers  of  the  basic  material. 
Tbit  embodimeni  of  the  inventioo  it  particulariy  adapted 
to  the  manufacture  of  thin-walled  bodict,  such  at  thin 
armor  plate,  steel  helmeu  and  the  like.  Complete 
arinoring  of  armored  cart,  ships  and  the  like,  btd  also 
Individual  armor  ahieMt  or  sM  helmets  nuy  be  rein¬ 
forced  subsequent  to  manufacture  and  adapted  to  increas¬ 
ing  demands  made  upon  them.  Damage  caused  to  armor 
of  all  types  by  hits  or  other  causes  may  be  easily  tod 
satisfactorily  repaired  at  well  at  the  asetallic  wail  ele- 
niaats  of  vahiclet,  structures  and  bodict  of  all  kindt  ax- 
pcecd  to  catraordinarily  severe  weather  cendMoni  sndi 
as  sand  storms,  tea  water  and  the  Ukc,  or  If  their  strength 
and  durability  is  to  be  increased  for  any  reason. 

I  claim: 

1.  A  Miuctural  material  comprising  a  sheet  member 
covered  over  subatantitlly  the  entire  utilizable  sheet  area 
with  elcvaliom  which  all  have  a  curved  cross  section 
in  every  direction  of  the  sheet  plaac  and  are  arranged 
so  that  no  mors  than  two  of  said  elevalions  are  in  align¬ 
ment  with  each  other  in  one  given  direction  of  stress. 

2.  A  .structural  material  comprising  a  sheet  member 
covered  over  substantially  the  entire  utilizable  sheet  area 
with  elsvatisms  and  depressions  which  all  have  a  curved 
cross  seciion  in  every  oireciion  of  the  sheet  plane  and 
are  arranged  so  that  no  more  than  one  of  nid  eleva¬ 
tions  and  said  depressions  are  in  alignment  with  each 
other  in  one  given  directioo  of  sirem. 

i.  In  a  structural  material  according  to  claim  2.  said 
curved  elevations  and  depressions  being  immediately 
adjacent  to  each  other  in  dillerem  coordinate  dirsetiont 
of  the  plane  of  the  sheet  so  that  all  lines  of  stress  are 
curved  in  every  direction  of  stAess. 

4.  A  material  according  to  claim  2,  characterized  by 


the  fact  that  the  sheet  member  it  provided  throughout 
Itt  area  with  doeely  adjacent  depiassions  and  elevations 
to  that  all  the  linm  of  stress  ate  curved  in  every  prin¬ 
cipal  dirtetioo  of  ttrsm. 

•  5.  A  structural  material  eomprising  a  number  of  lami- 

natioiu,  each  lamination  consisting  of  a  sheet  member 
covered  over  subetandally  the  entire  utilizable  sheet  area 
with  elevatioot  and  dsprettions  which  all  have  a  curved 
croet  section  in  every  direction  of  the  sheet  plane  and 
10  are  arranged  to  that  no  more  than  one  of  s^d  eleva- 
tioos  and  said  depretsiont  are  in  alignment  with  each 
other  in  one  given  direction  of  stress,  said  laminationt 
being  formed  to  that  the  deprestioos  of  one  member 
at  least  partly  overlie  the  elevations  of  the  adjacent 
10  member. 

0.  A  material  according  to  claim  S  characterized  by 
the  fact  that  at  least  two  laminatioos  possets  a  different 
number  of  depreeelone  and  elevations. 

7.  A  material  according  to  clahn  <  characterized  by 
00  the  fact  that  at  least  one  exterior  lamination  pneeessee 
a  larger  number  of  depteseions  and  elevatioot  than  the 
interior  laminationt. 

I.  A  material  according  to  claim  6  characterized  by 
the  fact  that  the  number  of  depreeeiont  and  elevations  in 

0*  one  Inminadon  intermediate  of  two  points  of  contact  to 
an  even  multiple  of  the  number  of  depressions  and  ele¬ 
vations  in  the  ocher  lamination. 

9.  A  material  acoordiag  to  claim  5  characterized  by 
the  fact  that  at  least  two  laminatioos  possess  depressions 

**'  and  elevathms  of  dUbreat  size  and  shape. 

10.  A  material  according  to  claim  5  diaracterized  by 
the  fact  that  the  said  members  are  cast  integrally. 

II.  A  material  sccordirtg  to  claim  1  characterized  by 
the  fact  that  at  least  one  of  its  surfaces  vertical  to  the 

**  pifaeipal  directions  of  stress  is  coveted  by  a  material 
with  a  flat  surface. 

12.  A  material  according  to  claim  1  characterized  by 
the  fmt  that  a  mineral  Ailing  material  to  disposed  in  tte 
hollow  spaces  of  the  membm. 

^  IS.  A  material  according  to  claim  12  characterized 
by  the  fact  that  the  Ailing  material  it  granular. 

14.  A  material  according  to  claim  I  characterized 
by  the  fact  that  said  sheet  member  as  a  whole  has  a 
curved  shape. 

**  IS.  The  method  of  producing  a  hoaeycomb-type  struc¬ 
tural  material,  which  cosnptiact  forming  sheets  of  lazaiaa- 
tions  each  having  eubttwtially  tbe  entire  sheet  ana 
coveted  with  elevations  which  all  have  a  cinved  cram 
teetkm  in  every  ditecljpa  of  the  sheet  plane  and  an  ar- 
**  ranged  so  that  no  mon  than  two  of  t^  elevations  an 
in  alignment  adtb  each  other,  jotaiag  a  plurality  of  said 
laminatioos  together  in  face-to-fme  nlstion  having  said 
elcvaliom  of  ow  lamination  placed  in  ngtotry  with  n- 
spective  elsvatiom  of  an  adjacent  lamination  arboeby 
**  hollow  tpooes  an  formed  between  said  laminatioos,  and 
fllUag  tadd  spam  with  patnlar  fliler  substaace. 

16.  A  material  scctirding  to  claim  12  characterizsd  by 
the  fact  that  the  volumetric  ratio  betsveen  the  rrutesial 

„  of  said  sheet  member  and  the  flUiag  material  is  substan- 
^  tially  uniform  througbout  the  structural  material. 

17.  A  malarial  according  to  Halm  12  characterized  by 
the  fact  that  the  volumctiic  ntio  between  the  nuterial  of 
the  sheet  member  and  the  Ailing  nwlerial  Is  locally  varied 

_  and  that  a  larger  proportion  of  sheet  material  is  con- 
ceatraled  in  zosws  of  tension  and  a  larger  proportioo  of 
Afling  material  it  concentrated  in  zones  of  pressure. 

11.  A  material  according  to  claim  17  characteriasd  by 
the  fact  that  meam  are  provided  for  oonnectiag  tbe  struc- 

yg  tural  material  srilh  olhm  materials  or  elements,  that  the 
said  meam  for  eonnection  are  cast  into  the  structural 
material  and  ronsiit  of  a  material  alknring  submquent 
machining. 

19.  A  material  according  to  claim  12  characterized  by 
Tl  the  fact  that  the  Ailing  material  in  thin  layen  to  prested 
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